Crop Yield and Economic Analyses of Selected Multiple Pivot Irrigation Schemes by Otterby, Michael A.
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1976 
Crop Yield and Economic Analyses of Selected Multiple Pivot 
Irrigation Schemes 
Michael A. Otterby 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Otterby, Michael A., "Crop Yield and Economic Analyses of Selected Multiple Pivot Irrigation Schemes" 
(1976). Electronic Theses and Dissertations. 4963. 
https://openprairie.sdstate.edu/etd/4963 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
CROP YIELD AJ."iD ECONOKIC ANALYSES OF 
SELECTED MULTIPLE PIVOT IRRIGATION SCHEMES 
by 
MICHAEL A. OTTERBY 
A thesis submitted 
in partia.l fulfillment of the requirements·for the 
degree Master of Science, Major in Engineering 
South Dakota State University 
1976 
SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
CROP YIELD AND ECONOMIC ANALYSES OF 
SELECTED MULTIPLE PIVOT IRRIGATION SCHEMES 
This th es is is approv ed as a c r ed itabl e and independent inves-
tigation by a candidate for the d egr ee ,  Master of Sc ience , and is 
acceptable for m e eting th e th esis r equir em ents for this d egre e. 
Acceptance of this th esis does not imply that the conclusions 
reached by the candidate ar e nec essarily the conclus ions of the 
�ajor department. 
Th es is Advis er / 
Head, Major Department '1flte 
;? I ) I 
ACKNOWLEDGEMENTS 
The author wishes t o  expres s his app reciati on to the ent ire 
Agricu ltural Eng ineering s t af f  f or their as s i s t ance and cooperat ion 
during this research . Dr . Dennis L .  Moe , depar t ment head , is  thanked 
for his as sis t an ce dur ing the preparat ion of the manus cr ip t . Appre­
ciat ion i.s extended t o  Dr . W .  Lee
. Tucker , Agricultural Exper iment 
Station S t a t i s t i cian , f or his help with the s ta t is t ical ana lys es , 
to Darrel P ahl , Extens ion Irr igat ion Specia lis t , f or his  advice con­
cerning the agronomic and economic aspects o f  the research and t o  the 
Agr icultural Experiment S t at i on and Water Resour ces Ins t itute  for  
funding the resear ch . 
Specia l  appre ciat ion is extended t o  Dr . Darre l l  W .  DeB oer f or 
his advice ,  guidance and as s i s t ance throughout the course o f  this 
s tudy . 
MAO 
TABLE OF CONTENTS 
INTRODUCTION 
LITERATURE REVIEW 
Evapot ranspiration and Crop Yield 
System Capacity Inve s t igat ions 
Mult iple F i e ld Irrigat ion 
RESEARCH PROCEDURE • • . 
Prob lem Analys is 
Field Pro cedure 
ANALYSIS OF DATA AND RESULTS 
Fie ld Inves t iga t i on . . • 
Economic Invest igat ion 
SUMMARY AND CONCLUS IONS 
REFERENCES . 
APPENDIXES . . 
Appendix A .  Price Inf ormation 
Appendix B .  
Appendix C .  
App endix D .  
f a l l  • 
S oil Mois ture Depletion Curves 
Ind ividual P l o t  Yields • • . • • 
Dates and Amounts of  Irrigation and Rain-
Appendix E. C omparison of Annual Fixed Cos t s  U s ing 























2 .  
3. 
LIST OF TABLES 
Time Allo tment s for the Comple tion o f  One Comple t e  
Irrigat ion Cy cle Under the Given As sump t ions . 
Treatment Des ignat ion and the As sociated Manage-
men t  S cheme . • . . • • • • • • • • • • 
Agronomic Informat ion f or Corn and Alfal f a  Treat­
ments a t  the Agricultural Engineering Farm 
(1973-1975 ) . • • . • • • • . • •  
3a. Average Y i e lds f or Given Treatments 
4. Analys i s  of Var i ance of  the 1973- 1975 Corn Y ie lds 
5. S ingle Deg ree o f  Freedom Par t it ions o f  Tr eatment · 
Sum o f  S quares for Corn Yields • • • . . . 
6 .  Analys is  o f  Variance of  the 1973- 1975 Alf alfa 
Y ie lds • • . • • • • • • • • • . . 









S um of Squares f or Al falfa Yields . • • • • • • . 40 
8. S ingl e  Degree of Freedom Compar is on o f  Alfalfa  Treat-
ment P ar t it i ons on a Per Cut t ing Basis • . • . • • • • 43 
9. Seasona l Yield and Mo is ture Us e Data f or Corn 49 
10. Seasonal Yie ld and Mo is ture Use Dat a for Alfalfa  • 
1 1. Corn Y ie ld and Evap o transpiration Relat ionships as  
51  
Determined f r om Other Research • • . • • • • • 5 6  
12. Alf alfa Y ie ld and Evapot ransp irat ion Re lationsh ip s  as 
Determined from Other Res earch . . • . . • 5 9  
13 . Es t imated Yie lds f or Given Management S chemes 61 
14 . Assumed Cos t and Return Information 62 
15 . Irrigat ion and Yield Data f o r  Land Managed Under 
Given Irrigat ion Management S chemes . . • • • 
16 . Annual Fixed Cos ts  f or Given Irrigat ion Management  







Annua l Production Cos ts for Irrigated and Dry-
land F ield s  • • • • • . • . • • 
S ummary of C o s t s  and Ret urns for Given Irrigat ion 
Managemen t S chemes • • • . • • • • . • 
Return to Land and Management at  Given Commodi t y  
Pri ce Levels • • • • . • • • • • • • • • • • 
Page 
6 6  
67 
70 
LIST OF FIGURES 
Figure 
1 .  Propos ed Layout of I rrigat ion Sys t ems . • • • • 
2. I llus t ration of Pos s ib le Irrigat ion Timing Ef-
f e c t s . 
3. Plot Layou t  with- P lots Identified by Numb er a t  




Brookings , Sou th Dakot a 2 6  
4. Dep th of the Topsoil in the P lot Area at the Agr i-
cultural Engineering Farm Near Brookings . 2 7  
5 .  Typ ical Layou t of P lot Sprinkling Sys t em 29  
6.  Adjus tment of a Quar ter Circle Sprinkler Head . 30 
7. Alfalfa P lots Being Irriga ted . 
8. Corn P lot s Being Irrigated 
9.  A Corn P lot Harve s t  Being Weighed . 
10. An Alfalfa P lot Harves t  Being Weighed and Samp led 
f or Moist ure . . . 





Experimen t to Normal Rainfall 47 
12. Linear Regre s sion of Corn Yie ld on Seasonal Evapo-
t ranspiration . . • • 55 
1 3. Linear Reg res sion of Seasonal Alfalfa Yield on 
Seasonal Evapotranspiration 5 8  
14 . Returns for Management Schemes Where Only C orn I s  
Grown . . . . . . • • . . . • • • 1 • • • • 
15. Returns f or Management Schemes Where Only Alfalfa  
71 
Is Grown • . • . • . • • • . • • . • 71 
16. Re turns for the Managemen t Schemes Where Both Alfal-
fa and Corn are Grown . • . . • • • • • • 72 
17 . Comparis on of the Maximum Re turns from the Op tions 
Where Alf alf a , Corn or a Combination of Alf al-
fa and Corn I s  Grown . . . • • . . . 76  
INTRODUCTION 
Irr iga t ion is  b ecoming increas ingly impor tant in South Dakota 
agriculture . In recent years South Dakota land under irr igat ion permit 
has been increas ing at a rate of from 14 , 000 to 2 4, 000 hec t ares (35 , 000 
to 60 , 0 00 acres)  per year . In 197 5 permits for an add i t ional 48 , 000 
hect are s ( 1 19 , 000 acres) were granted (Department of Natural Resources 
Development 197 5 ) . An est imated 40 to 45 per cent of the 88 , 00 0  hectares 
(21 7 , 00 0  acres )  under irr igat ion is irr igated by means of spr inklers , 
and from two- third s  t o  three-four ths of the land irriga t ed b y  sprinklers 
is irrigated by means of center pivot irr iga t ion machines (Kerr and.Pahl 
197 6 ) . 
One man agemen t opt ion for an irrigator with a center pivot machine 
i s  to us e the mach ine on more than one pivot or field dur ing the growing 
season .  Und er certain cond i t ions , this prac t i ce is thought to be eco­
nomically f avorab le by some Sou th Dakot a irr igators ( DeBoer and Chu 
197 5 )  and by many r esearchers ( Stegman and Bauer 1970, Stegman 1975 , 
Korven and Wi ens 197 4 ,  Moore and Al len 197 3 ) . I t  i s  b e lieved that the 
returns from mu lt iple f ie ld use of a cent er pivot machine exceed the 
returns from s ingle f ie ld operat ion , or in other word s , the decreases 
in annual cos t s , due ma inly to a lower in itial  inves tmen t ,  exceed pos­
s ib le los s e s  due tq y i eld reduction .  This suppos i t i on is a lso supported 
by Stewar t et al . ( 19 7 4 ) , whose resear ch ind i cates that maximum prof i t  
may occur a t  some yield which is  be low the maximum c rop yield . 
There are many fac tors whi ch inf luence an opt imum economic ir riga­
tion poli cy . Some of thes e f ac tors inc lude: soil wat er hold ing capacit y , 
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soil  charact eri s t i cs , c l imate , water sup p ly , crop y i e ld potent ial , 
avai lab ility of lab or and irrigat ion sys t em charact eris t ic s  ( Stegman 
1975) . Mos t cent er p ivot sys t ems are designed t o  i rriga t e  sat isf ac­
torily under wide variat ions in the paramet ers l i s t ed above . Two main 
factors that make the center p ivo t irrigat ion machine (hereaf ter re­
ferred t o  as c enter p ivot) ad ap table for opera t ion on more than one 
fie ld are that mos t center p ivot s are cap ab le of operat ing at a wide 
range of pumping rate s  and that many sys tems are des igned to operate 
only one- third t o  one-half of the growing season when used on only one 
p ivot ( Stegman 1975) . ·  Thes e  factors ind icate that us ing a cent er p ivot 
on more than one field is a pos s ib le irrigation management p lan and may 
be an op t imum irrigat ion p lan in cert ain case s . 
An economic s tudy of a management program where a center p ivot i s  
used on more than one f ield also involves many factors . One main advan­
tage t o  such a program is that an irrigat or is ab le t o  spread the ini­
t ial inves tmen t over more land area and thus lower the inve s tment per 
irrigated area . Some of the disadvantage s may come from the pos s ib il i ty 
of decreased y i e ld s  and from increased labor. The increased labor 
required t o  move the sys tem t o  an adj acent f ield is e s t imat ed a t  one 
man�hour p e r  tower (DeBoer and Chu 1974) . Some researchers ( Stegman 
197 5 , Korven and Wiens 1974 , Moore and Allen 1973) have inve s t igated the 
e conomics of such a program under cert ain cond i t i ons , however , there is 
lit t le quan t i t at ive informa t ion availab le on the y ie ld response when 
such a program is used under South Dakota c lima t ic cond i t ions and · also 
when used in connec t i on with soils that have limi ted mois ture s t orage . 
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There are presen t ly some South Dakot a irriga tors us ing the ir cen­
ter p ivot irrigat ion mach ines on more than one f ield . The program or 
s cheme is us ed in both eas tern and wes tern South Dakota and on top soi l  
depths varying from shal low soi ls of approximat ely 45 c m  ( 1 . 5 f t) to 
deep soi ls of more than 150 cm (5 ft) .  The crops that are commonly 
being grown und er the mul t ip le field management s cheme in South Dakota 
are alfa lfa , corn , beans and smal l  grain . 
A proje c t  connec ted wi th the South Dakota St ate  Univer s i ty Agri­
cultural E xperiment Stat ion was ini t iated in 1972 to evalua te alfalfa 
and corn y ield response to a management s cheme where a center p ivot is  
used on more than one f ield . The proj ect  was to take p lace in  the  South 
Dakot a clima t ic region and to includ e a l imit ed soil mois ture s torage 
s i tuation . In order to present the find ings of the project and to 
evaluate the economics of such a scheme the fol lowing obje c t ives  of this 
s t udy were es t ab li shed: 
1. To . deve lop product ion funct ions for corn and alfalfa tha t 
are app l i cab le to _South Dakot a condit ions and that can be 
used in irrigation economic analys es . 
2 .  To make economic analyses of selec t ed mul t ip le f ie ld i rr iga­
t i on management s cheme s which ut ilize a center p ivot irr i ga­
t ion machine on a shallow , draugh ty type s o i l . 
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LITERATURE REVIEW 
An e conomic s tudy of an irrigation management p r og ram involves many 
fact ors, whi ch mus t  be eithe r measured or est imat ed in order for the 
s tudy to be realis t ic . S ome resear ch which relat es  t o  the es t imat ion of 
factors app licable to an e conomic study of the use of one center pivot 
machine on more than one fie ld has be en done . This research has gen­
erally fallen int o  the areas of evapotranspir at ion and crop yield, 
sys tem capacities  and s imulation of multiple field irrigation . 
Evapot ranspirat ion and Crop Yield 
The predict ion of yield is an imp or tant fac t o r  in any e conomi c 
s tudy o f  an irrigation proj ect . Many inves t igat o rs h ave s hown there is 
a relationship be t we en evapotrans p irat ion and yie ld ( S t ewar t e t  al . 
1975, S t ewart e t  a l . 197 4 , Downey 197 2 , Robins and Domingo 1953 , Hillel 
and Guron 197 3,  Hanks 19 7 4 ,  Neghas si et al. 197 3 , Fis chbach and S omer­
halder 1972 and S tegman 1975) . An estima te of evapotranspiration is 
fundamental to a p red ict ion of yield in most of the relationships that 
have been developed . Jensen et  a l .  (197 1) have d one considerable work 
on a comput er p rogram whic� es t imates evapotranspiration and s oil mois� 
ture deple t ion .  S ome o f  the inputs into the p r og ram were: daily maxi­
mum and minimum air t emperature, daily s olar radiation, average dew 
point t emp erature, d aily wind run, rainfall, irriga t ion, drainage and 
crop criteria . The res earchers believe the prog ram gives an accurate 
estimat e of evap o t r ansp irat ion and that it is refine� enough to  s chedule 
irr igations on a commer cial bas is .  
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Bros z and Wiersma ( 197 0)  developed a procedur e for e s t ima ting 
evapotransp irat ion for corn and alfalfa grown in eas t ern S outh Dako ta. 
The procedure i s  based on average climatic data for given areas and uses 
the Jensen and Rais e ( 196 3) approach . One of the purp oses of the ir work 
was to provide a reference which could be used by an irr iga tor to he lp 
s chedule irr iga t ions . Soil mo is ture levels were measured a t  16 irri-
gated farms and compared t o  soil mois ture levels e s t imated by us ing the 
derived evapot ransp iration values  and a wat er b alance t e chnique . The 
est1:mated values agreed quite well wi th the measured values . S t egman 
and Ne ss· (19 7 4) compared a water balance technique us ing average cli-
mat ic d at a , along with three other techniques to the evap otranspiration 
model develop ed by Jensen et al. ( 1970).  One of the conclus ions of 
their  work was that , on a med ium to fine text ured s oil , a procedure 
relying on average climatic dat a, such as Bro s z  and Wier sma's proce dure , 
per formed about as well as the more s ophis ticated t e chniques. 
Some res earcher s have ind icated that yield s  ar e not only rela ted to 
total seasonai evapotranspir at ion but also t o  the t iming of evapotrans-
pi ration defi ci t s . S ome crops , such as corn , are highly sensitive t o  
the timing of mo is ture shortage s and may n o t  produce appreciable yield 
until s ome thre shold value of evapotranspiration has b e en reached 
(Stewart e t
. 
al. 197 5 ,  S t ewart e t  al. 197 4 , Downey 19 7 2) . O ther crops , 
such as  alfalfa , have no apparent growth s tage which i s  p art icularly 
sens i t ive t o  the t iming of mo is ture s tresses and an increment al yield 
. .  
will be gin with an incr ement of evapotranspirat ion (Downey 1972 ,  S t ewar t 
and Hogan 1969) . Downey ( 197 2 )  compiled cons iderable d a t a  on water 
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use-yield relat ionships for several crops including corn . Downey als o  
cited numerous ar ticles  related t o  evapotranspira tion d e ficit s a t  vari­
ous s tages o f  growth . He concluded that the manner in which yields are 
reduced is not a simple function of evapotranspir at ion . It d epends on 
both the physiological s tage a t  which the stress  occurs and on the 
severity of the s tres s. 
Hanks ( 1974)  developed a yield es timat e  based on deficits at  par­
ticular s tages of growth . He assumed that the ratio of  actual yield t o  
potential yield i s  represented py the multiplicat ion o f  all the in­
dividual growth s tage rat ios of  actual transpir at ion t o  potential t !ans­
piration , each rais ed t o  a power . The non linear model was used to 
predict c orn yield s ob tained by Hillel and Guron ( 19 73 )  and it produced 
excellent agreement be tween predict ed and actual result s . The Hillel 
and Guron research, whi ch took place in Is rael , rela t ed corn yield to 
water use . In 1969 the exper iment showed· an increase in corn yield from 
4.4 tons/hec tare (64 bu/acre)  to  10. 8 tons/he ctare ( 156 bu/acre)  with an 
increase in evapo transpir ation from 34 . 5  cm ( 13 . 6 in) t o  48 . 6  cm (19 . 1 in) . 
The ranges in the 1970 growing season wer e from 0 . 8 t ons /hec t ar e  (12 b u /  
a cre ) t o  8 . 5  t ons /hec t�re ( 12 2  bu/acre) with a n  inc rease in evapo trans ­
pir.at ion o f  from 32 . 6  cm ( 12 . 8  in) to 49. 5 cm ( 19 . 5  in) . The resul ts 
also indica t ed that wat er use e f ficiency , defined as  dry mat ter produced 
per uni t  of wat er used, increases with higher quantit ies of i rrigation 
wat er . 
Many researchers have found that the critical mois ture s t ress 
period for c orn production is during the po llinat ion period ( S tewar t et  
al. 197 5, S t ewar t e t  al . 197 4 ,  Downey 1972 , Robins and Domingo 1953) . 
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Stewart e t  a l. ( 19 7 5) propos ed tha t evapot ransp ira t i on def i c i t s  reduce 
corn yields through two dis t inct mechanisms: a pr imary and s eemingly 
inevit ab le e f f e c t  of  seasonal total evapo transp ira t i on d e f i c i t s  and a 
second ary and add i t ional · y ield reduc t ion, p robab ly due t o  t iming ef fect s,  
which may exceed the p r imary effect . Stewar t e t  al . ( 19 75) examined the 
secondary e f f e c t s  in an exp er iment in which they deliberately imposed 
evapotransp irat ion de f i ci t s  a t  all combinat ions o f  the three main growth 
s t ages of corn and gra in sorghum . The e ight t reatments  ranged from no 
irrigat ion at a ll to irr igat ion .. dur ing all three growth p er iods in 
amounts to insure maximum evap ot ranspirat ion . The researchers found 
that corn y ield is no t af fec t ed nearly as much by an evapo transp irat ion 
def icit in the p oll_inat ion p er i od when there has b e en a p revious def icit 
as when t here i s  no def icit  p r ior t o  this per iod . They als o  f ound a 
mois ture s t re s s  dur ing pollinat ion withou t a prior s tress  would result 
in a severe reduct ion in yield , and that a severe moi s ture s tress could 
b e  tolerated in the grain f illing p er iod if  there had b een a pr ior 
cond i tioning tb moi s t ure s tre ss . The re sult s of this research agreed 
with an earlier p aper ( S tewar t et  al. 19 7 4 )  where the f ollowing recom­
mendat ions for corn were made: 1 .  I f  there is  a mild seasonal evap o­
transpi ra t i on def i c i t  ( to 10 percent of the seasonal p o t en t i al evapo­
transp irat ion) i t  is leas t detrimen tal if it t akes place in the vege ta­
t ive growth s tage or , i f  i t  cannot be imp ar ted there , i t  should t ake 
place in the lat t er p ar t  of the grain s tage . 2 .  Mod er a t e  seasonal 
evap ·o·t ransp irat ion def icits  (10- 25 per cent ) are best  
_
imp osed on two 
growth s t ages one of which must  be the vegetat ive growth s t age . 
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3. Severe seasonal evapotranspiration def i cits ( 25 -50 per cent ) mus t  be 
distributed t hrough all three growth stages . 
The relative importan ce of a moisture s t res s dur ing a par t icular 
growth s t age has been indicated , however , s ome of  the management s chemes 
under con s iderat1on in this  research are such that an irr igat or cannot 
always app ly exces s water during a cr itical s t age . When a center pivot 
irr igat i on system is  used on more than one f ield dur ing the growing 
season, inc reases in the evapotranspirat ion def i cit wi ll prob ab ly be 
g radual, especia l ly on the deeper s oi ls . Although the s t resses that 
were impart ed by S tewart et al . ( 197 5 )  were usua l ly severe and were. 
imposed only at specif i c  s tages of growth , the exper iment did indicate 
that a gradual increase in evapotranspiration defi c it will condit ion the 
corn t o  moisture s tres ses and may lead to an opt imum y ield for a g iven 
value of evapotranspirat ion .  
Stewart et al . ( 197 4) def ined a normat ive y ield versus evapo trans­
pirat ion curve as  the curve derived when all def i c i t s  have been opt i­
ma lly dis t ributed . It i s  hypothesized that the relat ionship is  approx­
imately linear and that any d if ferences in the s lope shou ld be due to 
varietal differences only ( S tewar t and Hagan 197 3 , Hil lel and Guron 
197 3 ) . S tewart et al . ( 197 4) believe that a reasonab le est imate of 
yield may be obt ained by us ing the evapotranspirat ion-yield relat ion­
ships provided t he ac tua l curve does not deviate s ignif i cant ly f r om the 
normat ive curve . 
· 'Actual yield-water use data have been gathered in several research 
projec t s . S tewart and Hagan ( 1969) developed produ c t i on functions for 
alfalf a .  They der ived a d imensionles s relationsh ip in . whi ch yield is 
represented by p ercent of maximum yie ld and water use is repres ented 
by percent o f  the water use associated with the maximum yield . They 
found that their data when put on such a b as i s  var ied ab out a linear 
relationship. Neghas s i , Heermann and Smika ( 1973 )  along wi th Hanks 
( 197 4 )  ind icate that , at least for f irst  order resul t s , dry mat ter 
alfalfa yield is  d irectly proportional to water use. 
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Stewar t and Hagan ( 197 3)  d eveloped func t ions to p r ed i c t  the ef fects 
of  crop wat e r  deficits at Davis , California . The ir corn prod uct ion data 
agrees very wel l  (R2 = 0 . 98 )  wi th the linear pred i c tion equat ion Y = 
-3553 + 59 3 ET where the units on ET are inches o f  evapotransp irat ion 
and the un i t s  on Y are lb/acre of grain at  15 . 5  p ercent mo i s ture. One 
of the conclusions of the res earch was that a quan t i t a t ive evaluation 
can be made of  various irrigat ion policies bef ore they are actually 
implemented. 
In some of the research at Davis , Cali fornia ( S tewart et al . 197 4)  
evapot ransp irat ion def i c i t s  did no t have as pronounced an effect on 
corn yield as other resear ch had ind icated . One p o s s ib le reason for 
this is  that the soil at  Davis is a deep soil with a high mo i sture 
hold ing cap ac i ty from which a crop can wi thdraw moi s ture when rainfall 
and ·  irrigat ion are lacking . The soil may a lso  be the r eason that the ir 
data exhib i ted the extremely high degree of correlat ion . 
The y ield of a crop is closely re lat ed to the evap ot ransp irat ion . 
Some of the irrigat ion s chemes cons idered in the research may not be 
ab le to app ly water in amount s that wou ld insure that maximum evapo­
tr anspiration takes p lace . There are bas ically two app roaches to pre­
dict in g  yie ld on the basis of evapotranspirat ion . The fir s t  is  b ased 
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on a non-linear approach re lat ing growth s tages and evap otransp irat ion 
def icits  during the growth s t ages . The second approach is a linear one 
where it is hypothes ized that if evapotransp irat ion de f icits  are op t i­
mally dis t r ibuted the relat ion be tween y ield and evap o t ranspiration can 
b e  rep resen t ed by· a s imp le linear function .  The s econd ap proach was 
inve s t iga t e d  in this s t udy . 
Sys tem C apa c i ty Inve s t igat ions 
Several p apers have been written on es t imat ing the required capa­
cities  for center p ivo t irr igat ion machines . S tegman and Bauer ( 1970) 
developed a c omput er s cheduling model that s imulated the operat ion of a 
center p ivo t . I t  is  espec ially sui ted to determine i f  a cen ter p ivo t 
can be used t o  irrigat e more than one tract of land . Their model re­
quire s input of a product ion funct ion if an economic analy s i s  is de­
s ired . S ome of the other inputs  for their model are: sys t em capacity , 
soil  cri teria , evap ot ransp irat ion dat a  and management criter ia . 
Stegman and Shah (197 1) compared two method s o f  e s t imat ing the 
capac i ty needed for irr igat ion systems at Oakes , North Dakota . They 
compared an ext reme value analy s is , based on peak evapot ransp irat ion 
rates and spe c i f ied recurrence int ervals for c l ima t i c  cond i t ions , t o  a 
s imulation model like the one developed by S t egman and Bauer ( 1970 ) . 
The s imulat ion model used a wat er b alance.  The comparison was made 
us ing small gr ain , corn and alf alfa as crop s  and 3 7  y ear s o f  climato­
logical d a t a .  Some of the resul ts  of  their work ind icate t h a t  the 
extreme value me thod generally overes timates the reqtiired app lication 
rates . The extreme value method ind icated that a net pumping rate of  at  
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least  0.63 cm/day ( 0 . 2 5 in /day) is needed in the Oakes area where there 
is a water holding capacity of 11 . 4  cm ( 4 . 5 in) in the root  z one. The 
s imulat ion model ind icated that a 0 . 46 cm/day (0. 18 in/ day) net pumping 
rate would provide adequate irrigat ion capac ity and also that two 6 4 . 8  
hect are (160 acre) trac ts could b e  adequa tely irrigated by one center 
pivot.  
Heermann et  al.  ( 19 7 4 )  also used a s imulat ion me thod t o  arrive at 
irr igat ion des ign cap ac i t ies f or eastern Colorado. They used a mod if ied 
Pennman equat ion and a wat er balance concep t in their s imulat ion model. 
The researchers inves tigat ed corn and assumed a maximum root  zone of· 
1 . 2 m ( 4  ft ) with a linear expans ion of the roo t  z one from 0.5 m (1. 5 f t )  
t o  1 . 2 m ( 4  ft ) be tween June 20 and July 20 . I t  is es t imated that the 
depletion of avai lab le soil  mois ture can be kep t b elow 5 0  percent  wi th a 
net irrigat ion of 0 . 5 6 cm/day ( 0 . 2 2  in/day) where the s o i l  water holding 
capacity in the 1 . 2 m ( 4  f t )  root z one is 7 . 4  cm ( 3  in) and with a ne t 
irr igat ion o f  0 . 3 6 cm /day ( 0 . 14 in/day) where the s o i l  water hold ing 
capac i ty i s  25 . 4  cm (10 in) .  The resul t s  of this work would again 
ind icate that i t  may be feas ib le t o  use a center p ivot irr igat i on on 
more than one f ie ld . 
Fonken and F i s chbach (19 7 4 ) describe an irrigation po licy c alled 
programmed s o i l  mo i s ture d ep let ion , in which the availab le s o i l  mois ture 
is deliberately allowed to be dep leted as the growing seas on progres ses. 
This type o f  soil  moi s t ure deple tion schedule i s  s9mewhat s imilar t o  the 
so i l  mo is ture s i tuation that exis t s  when a center p ivot i s  used on more 
than one fi e ld . Und er typical c ond i t ions , Fonken and F i s chb ach sug gest 
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three bas i c  rules f or utilizing programmed soil mois t ure deple t ion: 1 .  
Have a full or nearly full mois ture prof ile soon a f t er plant ing . 2 .  
Star t irriga t i on when the soi l  mois ture deficit i s  great er than the 
applicat ion d epth plus 2 . 5  to 5 cm (1 to 2 in) of pos s ible rainfall . 
3 .  Allow the s oil mois ture def icit  to increase t o  6 0  t o  80 percent of 
the availab le moi s ture late in the season .  They beli eve the main b en­
efits  of their program are that a lower sys t em capacity is needed , that 
r ainfall is  b e t t er ut ilized and that off-season irrigat ion capab i lity 
may be used . 
The programmed s ·oil moisture deplet ion concep t (Fonken and Fisch­
bach 19 7 4 )  was used a t  Mead , Nebr aska in the two year s t udy by Fisch­
bach and S omerhald er ( 19 7 2 ) . The soil used in the s t udy was a Sharps­
burg s i lty clay loam with a t ot al wat er holding cap ac i ty of about 26 . 7  cm 
( 10.5 in) . The irr igat ion system c apac i t ies cons id ered in the experi­
ment were 0 . 7 6 cm/ d ay ( 0 . 30 in/day) , 0 . 6 1 . cm/day ( 0 . 2 4 in /day) , 0 . 38  
cm/day (0 . 15 in/ d ay) and 0 . 2 5 cm/d ay ( 0 . 10 in /day) . The capac it ies 
represented peak daily us e for corn , three- four ths of the p eak daily 
use ,  one-half of the peak daily use and one-third of the peak daily use . 
Some of the s igni f i cant results  of the research ind i ca t ed that a 
system cap a c i ty of 0 . 3 8  cm/day ( 0 . 15 in/day) , or about one-half of the 
peak daily use , would b e  ad equate to irrigate corn on a uni f orm soil 
with a norma l root zone and a water hold ing capac i ty of 1 7 . 5  cm/m 
( 2 . 1 in/ f t ) .  Thi s  capacity is very near the average daily use of 
0 . 35 cm (0 . 14 in) for corn at Red f ield , South Dakota (Erie et al . 19 5 4 ) . 
It is  feas ib l e  that a cent er p ivot used on two field s  would have a 
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capacity approxima te ly equal to this rat e . F i s chb ach ( 19 7 5) repor ted 
that a minimum sys tem capacity of 0 . 6 1 cm/day (0 . 2 4 in /day) was needed 
dur ing t he drought year of 19 74 . Fis chbach and Somerhalder ( 19 7 2 )  also 
repor ted tha t irrigat ion f requencies of from 1 . 5 to 7 days  per irriga­
tion did not affec t  the y ields . Thes e res ults indicate tha t , excep t in 
ext remely dry growing seas ons , a ·center pivot irrigat ion machine used 
on more than one f ie ld may provide adequate water for corn grown in a 
normal root z one. 
Multiple F ield Irriga t ion 
Much of the inve s tigation concerning water use and y ield prediction 
has b een of a gener al nature and s imu lated a wide var ie ty of management 
programs, however , some researchers have evaluated t he p ar t icular manage­
ment s cheme of us ing a center pivot sys tem on more than one field . 
Moore and Allen ( 19 7 3 ) examined the f easibility of moving a center p ivot 
irr igat ion machine on p as ture lands in southern Albe r ta ,  Canad a . The 
management s chemes considered in the s tudy were one center pivot irri­
gat ing three fields and two center p ivots irr igating f ive f i e ld s . The 
cropping arr angements cons idered were all f ields p lant ed to gras s or one 
field o f  corn s i lage and the res t  plant ed to gras s . The researchers 
es timated the t ime a part icular irrigat ion machine would s pend on a 
field and the product ion of the field. Us ing the se e s t imat e s  the re­
searchers compared the economi cs , for a given amount of p roduc tion , of 
using a cen ter p ivot on more than one f ie ld to the purchase of add i­
tional dryland . The research ind icated t hat irrigated land was a 
reasonab le e conomic al ternative to dry land and would become more 
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a t trac t ive as land values increased . 
Other C anad ian researchers , Korven and Wiens (19 7 4 ) , evaluat ed a 
management s cheme where the sys tem capac i ty was les s  than the p eak water 
requirement s  of the c rop. The p lot study was conduc ted with alf a lf a ,  
bromegra s s  and wheat , whi ch were gr own i n  a uniform 1 . 4 m ( 4 . 5  f t )  root 
zone. The bas ic t reatment was designed to p rovid e wat er  equ a l  to the 
crop use at  a 14-day irr igat ion frequency . The reduct ion in cap ac i ty , 
s imulat ing the use o f  a center p ivot on more than one f ield , was achieved 
by chang ing the frequency of the 7.6 cm ( 3  in) app licat ion depth from 14 
days per i rr igat ion to 21 and 28 days per irrigation . The researche rs 
found that the plant p op u lat ion on the non- irr igated f orage p lots  de­
creased marked ly through the years of the experiment and that the dif­
ference s in y ie ld s  be tween the irrigated treatmen t s  var ied from year to 
year . They also found that the frequency o f  app licat i on has more in­
f luence on yield than the t imelines s of  app lication .  One o f  the con­
clus ions o f  the res ear ch was that the total yield of alfalf a ,  . b rome and 
wheat  i s  not s igni f ic an t ly de creased except in extr emely dry year s when 
the capac i ty of the system is only two- third s o f  the p eak wat er require­
ment s . The economic s t udy ind icated that the p ro f it s , b ased on es t imated 
annual c o s t s  and returns , would b e  maximized by us ing one cent er p ivo t 
on more than one field when the cos t of land , water and management is  
low and that  prof its  wou ld be maximized by us ing a system on only one 
f ield when the cost  of land , water and management is h igh . 
DeBoer and Chu (1975) conducted a f ield evaluat ion o f  us ing a 
center p ivo t machine on mor e  than one field. Sever al S outh Dakot a  
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irrigators , who were already us ing the ir center pivot machine on mo re 
than one fie ld , part i c ipa ted in the s tudy .  By the nature of the s t udy 
there was a wide range of var iab les presented . Each cooperat or us ed 
one machine to irr igate from two to four fie lds ran g ing in s ize fr om 
11 hectares ( 27 acre s )  to 32 . 4  hec tares ( 80 acres ) .  The s t or age ca­
pacity in the root z ones ranged �rom 8 . 4 cm· ( 3 . 3  in) t o  1 9 . 3 cm (7. 6 in) 
and the number of sys tem moves during the growing s eas on ranged from 
2 to 16 t imes . Three of the conclus ions made in the s tudy were: 1 .  
That shallow s oils with limi ted water holding capacities could b e  ade­
quately irrigated when a sys tem is us ed on more than one f ield provided 
the sys tem capacity is  greater than peak crop requirement s  and labor 
is avai lab le for mov ing the machines .  2 .  That a seasonal two move , 
alfalfa to  corn to  alfalfa , management s cheme is  a viab le opt ion for 
moving center pivot machines . 3 .  That good management is  neces sary 
to avo id y ie ld depress ion .  
Some of the work that most closely parallels the work done in this 
research is that of S tegman (197 5 ) . S tegman conduc ted a field study 
where he s imulated selected management s cheme s by means of plot s . He 
used the data collected from the plots  in an economi c analy s i s  of the 
s chemes . The management s chemes that S tegman s imulat ed wer e one center 
pivot  used on one , two and three fields, respect ively . Crops used in the 
experiment wer e  wheat , oats , alfalfa , corn , pinto b eans and pot atoes . 
The exper iment s imulated 5 3 . 4 hec t are ( 132  acre) field s . I rr igat ion 
sys tem capa c i t ie s  of 1 . 2 ,  0 . 61 and 0 . 41 cm/day (0 . 48 ,  0 . 24 and 0 . 16 
in/d ay) were used to s imulate the re spect ive management s chemes . The 
crop s  were grown . in a Heimd al loam soil with an availab le mo i s t ure of 
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14 . 2  cm ( 6 . Sin ) in the 1 . 2 m ( 4  ft ) root zone . The result s  of  the 
research indi ca t ed that there were no significan t  d ifference s  in any of 
the irr iga t i on t reatment s for any of the four year s of the expe r iment . 
However , there was a d i f f erence in varie t al response t o  irr igat ion . The 
data indicate that for all four year s a 4. 5 4  m3 /min ( 12 0 0  gpm) we ll 
could have success fully irr igated three 53 . 4 hec t ar e  ( 13 2  acre) t rac t s  
o f  land even though three o u t  o f  the four years wer e  drough t  years . 
Since there were no s igni f icant differences among the crop y ield s  
that could b e  at t ained , a l l  o f  the irrigat ion s cheme s had approximately 
the s ame gross  re turn , the gros s re turn be ing the marke t value of the 
harves ted cro p .  The return to land and management cons i sted o f  the 
gross return minus the annual fixed and operating cos t s  of irrigation .  
Stegman ind i cated that the diff erences in operating cos ts  b e tween the 
var ious s chemes were small .  Thus , the main d i f f er enc es in net returns 
between the var ious irrigat ion schemes would then b e  the differences in 
fixed cos t s . In mid-197 4 t he f ixed cos ts were es t imated at $1 2 6 . 10 ,  
$7 4. 80 and $60 . 14/ hec t are ( $5 1 . 03 ,  $30 . 2 7 and $2 4. 3 4/ acr e)  for the 
management s chemes of one cent er pivot used on one , two and t hree fie ld s , 
respect ive ly . At these cos ts  there wou ld b e  an economic gain of  $5 1 . 30/  
hect are ($20 . 7 6 / acre) by us ing one center pivot on two field s ins tead 
of one , $65 . 96 /hect are ($26 . 69/acre) by us ing one center pivo t on three 
field s instead of one and $14. 6 6 /hec tare ($5 . 93 / acre)  by us ing one 
·center pivot on three fie ld s rather than two . The. re search also showed 
that t he economic gain could be reduced by poor management . 
Resear ch has been conducted which indi cated that us ing a center 
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pivot machine on more than one fi eld may b e  economi c a l ly f eas ib le; 
however, to analyze the prob lem , some form of y ield e s t imat e  is neces­
sary . There have b een numerous attempts  at provid ing a c curate es t i­
mates of y i e ld , mos t of which have been related to c l imat i c  condit ions , 
moisture conditions and soil properties . Many of these a t t empts have 
been es timates for crops grown under general managemen t s chemes . At 
the present t ime , however , there is limited inf ormation avai lab le t o  
es t imate t h e  yields o f  crops grown i n  the South Dakota c l imat ic  reg ion , 
especial ly und er a mu ltiple f ield management s cheme used on shallow 
soil cond i t ions . 
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RESEARCH PROCEDURE 
The obje c t ives of this research involve deriving a product ion 
funct ion from wh i ch yield es t imates can b e  made and then us ing the 
y ield es t imat es as a part of an economi c s t udy . The economic s t udy 
involves evaluating the returns of selec ted management s chemes ass o­
ciated with d ifferent levels of irrigat ion equipmen t  inve s tment . In 
order to  derive a product ion f unct ion , yield data h ad t o  b e  ob tained . 
The yield data  were gathered by means of a p lot  s tudy s imula t ing ac tual 
field management . Be�ore making such a s imulation , a p r ob lem analysis 
which would par t ially serve as a basis for b oth the p lo t  s imu lat ion 
and the economic s tudy was conduc ted . 
Prob lem Analys is 
Several as s ump tions were made so that the prob lem could b e  analyzed 
in a mean ingfu l  manner . One assumpt ion was that the cen ter p ivot 
irrigat ion machine was towab le from both ends . Ma chines  which are 
towab le from only one end and are capab le of irrig a t ing while going 
in either dire c t ion will deviate sligh t ly from the assumpt ion in the 
fact that they will have to make one and one-half r evolut ions per 
irriga tion .  The r e sult s from this research , however, will  prob ab ly 
st ill b e  applicab l�. Based on res ear ch by DeBoer and Chu ( 19 7 4) , the 
time required to move a center p ivot was es t imated at one man-hour per 
tower whi ch means , with suf f i cient man-power ,  a sys tem c an be moved to 
an adj acent f ie ld in ab out 0 . 2 5 days . S t andard-quarter secti on center 
p ivo t sys tems were cons idered in this s t udy with an i rr igated area of 
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52 . 6  he c t ares ( 130 acres) per field .  
An assumption as to the pumping rate on a quarter section of land 
was determined , in p art , by the South Dakota Wa t er Law, se ction 46-5-6 
( 19 7 2 ) .  The law sta t es that the maximum irrigat ion rate is  1 . 0  m3/sec/ 
1000 he c t ares ( 1 . 0  c fs/70 acres) . This law sets a legal limit on the 
pumping rate of about 3 . 0  m3/min ( 800 gpm) for a single f ie ld . A doub le 
f ie ld pump ing rate of 6 . 0  m3/min ( 1600 gpm} would legally be p ossib le , 
however , a pump ing rate of 3 . 8 m3/min ( 1000 gpm) was chosen as a real-
istic pump ing l imit f or typ ical systems and we lls in South Dakota . 
Another b asic assump t ion was that a typical gross application de.pth 
wou ld be about 3 . 0  cm ( 1 . 2  in) and the appl icat ion e f f i cien cy wou ld be 
about 83 per cent , which y ie lds a ne t app lica t i on of 2 . 5  cm ( 1  in) pe r 
revolu t ion .  Under the assumed pumping rate, app lication depth and f ie ld 
s ize , it wou ld t ake 3 . 6 d ays per revolution f or sing le  f ield  operation 
and 5 . 8 days f or one revolu t ion on each of two f ields f or dual f ield 
operation , Tab le 1 .  
Tab le 1 .  Time Allotmen ts for the Comple t ion of One Comple t e  I rrigation 
Cycle Under the Given Assumpt ions . 
Single f ie ld oper at ion 
Q =· 3 . 0 m3/min ( 800 gpm) 
3 . 0 cm g ross applicat ion 
2 . 5 cm net applicat ion 
52 . 6  he ctare ( 130 acre)  f ields 
3.6 days/revolut ion 
0 . 4 days downt ime 
4 . 0 days/cy c le 
Dual f i e ld opera t ion 
Q 3 . 8 m3/min (1000 gpm) 
3 . 0 cm gross applicat ion 
2 . 5  cm net app lication 
52 . 6  hectare ( 13 0  acre)  f ie lds 
5 . 8 days/2 revolutions 
0 . 5  days for 2 moves 
0 . 7 days down t ime 
7 . 0 days/cycle 
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The t ime al lotmen ts indi cated in Tab le 1 also show an add i t ional 
0 . 4  days per cycle f or sing le f ie ld operat ion and 0 . 7  d ays per cy cle 
for dual f ie ld operat ion as downt ime when the system wou ld b e  inoper­
able due to rep airs or othe r reasons . A cy cle is def ine d  as the amount 
of t ime required for the irr igat ion machine to re turn t o  a specif ied 
area in a g iven f ie ld . 
With the assumed pump ing rates and field size there are est imated 
maximum app licat ion rates of 2 . 5 cm/hr (1  in/hr ) f or single f ie ld 
operat ion of a center  p ivot and 3 . -2 cm/hr ( 1 .  25  in/hr) for dual f ie ld 
operat ion of a center p ivot . The maximum appli cation rat es occur near· 
the outer edge of the f ie lds and are est ima ted by the equat ion 
h = (12 2 . 5  Q) / ( Rr)  (Pair  e t  a l . 197 3 )  
where 
h = maximum applicat ion rate , in/hr 
Q = system capacity , gal/min 
R = radius of center pivot , f t  
r = wet ted rad ius of end sprinkler , f t  ( assumed to b e  
7 5  f t) 
The b asic syst em arrange�ent considered in this research was the 
s ituat ion where there is one well, pump and irrigat ion machine used 
to irr igat e t he land under considerat ion . In the case of one center  
p ivot being used on two f ie lds the wel l  is assumed to b e  b e tween the 
two f ie lds wi th b uried mainline connect ing the two . pivots .  Where one 
center pivot is used on one f ie ld the well is assumed t o  b e  adj acent· 
to the p ivot . The physi cal situat ions under considerat ion are indica ted 
in Figure 1 .  
In o rder t o  comp lete the economi c an alysis associated with the 
second obj ec t ive , cost in formation for equipmen t ,  elec t ri c a l  s e rv ices 
and commod i t ies had to be gathered . This informa t ion was ob ta ined 
21 
f rom irrigat ion equipment suppliers ,  power ut ilit ies and the South 
Dakota St ate Universi t y  Ext ension Service . The data  that were ob tained 
are listed in Appendix A and are used as a basis f or determining both 
the annual f ixed and operat ing costs .  Although current cost and price 
inf�rma t i on was used , the absolute values will  probably b e  accurate 
for a limit e d  t ime in t o  the future . 
Field Procedure 
The main purpose of the f ield experiment was t o  colle c t  f ie ld 
dat a  from whi ch the y i elds f rom cer tain management schemes could b e  
es t ima ted . The managemen t schemes that were under considerat ion are 
l is ted in Tab le 2 .  Trea tments 1 through 4 represen t sin g le f ield 
operation . Treatment s  5 through 8 represen t dual f ie ld operation .  
A comple tely randomized design with four rep lica t ions was used 
in the experiment . The treatmen t-p lot assignments remained t he same 
during the thre e  y ears of the experiment . Although there were six 
actual treatmen ts per crop , there were only 4 basic management schemes . 
The f irs t  scheme was a dry land management scheme . The s econd scheme was 
one where a center p ivot c?u ld app ly 2 . 5 cm (1 in) to one 5 2 . 6  hect are 
( 130.acre) f ield every four days.  The third basic s cheme was one where 
a center p ivot cou ld app ly 2 . 5  cm (1 in) to a par t icu lar 52 . 6  he ctare 
( 130 acre) f i e ld every 7 . 0  days . This scheme simu lates the si tua t ion 
P ivot 
P ivo� Well S ite 
804 m 
( 2 6 4 0  ft ) 
One Field/Center Pivot 
� 402 m 
I "132 0 f t )  
____?- - ---
1610 m 
(5280  f t )  
Two Fields / Center Pivot 
F igure 1 .  P roposed Layout of Irrigat ion Systems . 
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Tab le 2 .  Treatment Designation and the Assoc iated Management Scheme . 
2 3  
Treatment Managemen t Scheme 
P lots Assigne d 
to Treatment 
lC Dry land Corn 2 , 4 , 16 , 18 
2C  I rr igated Corn 7 , 9 , 10 , 20 
3A Dryland Alfalfa 2 9 , 36 , 40 , 44 
4A I rrigated Alfalfa 2 8 , 34 , 35 , 48 
5Cl Corn-Corn 12 , 13 , 17 , 2 4 
5C2 Corn-Corn 3 , 6 , 15 , 2 3 
6A Corn- Alfalfa 33 , 38 , 41 , 46 
6C Corn-Alfalfa 1 , 5 , 19 , 2 2 
7Al Alfalfa-Alfalfa 31 , 32 , 43 , 45 
7A2 Alfalfa- Alf alfa 2 7 , 30 , 39 , 4 7 
BA Alfalfa ( ear ly) -Corn ( late) 2 5 , 2 6 , 37 , 42 
BC Alfalfa ( ear ly) -Corn ( late) 8 , 11 , 14 , 21 
where one center pivot machine is shared be tween two f ie lds and spends 
approximat e ly 3. 5 days on each f ie ld . The four th management scheme was 
one where a system is moved t�ice a year .  The scheme has the same irri-
gation frequency as the second management scheme or 2 . 5  cm (1 in) every 
4 days.· The machine b eg ins the season on alfalf a ,  where it is used to 
bring t he soil t o  near fie ld capacity by the end of J une . It is then 
moved to �he corn f ie ld during the corn ' s  high wat er use period . Towards 
the end of Sep t emb er the machine is moved b ack to the a l f alf a f ie ld for 
either fall irr ig a t ion or preparat ion f or spr ing irr iga tion .  This 
2 4  
management scheme will b e  called alfalfa (ear ly ) - corn ( late) . 
The trea tment s  designated lC through 4 A.represent the f i rst two 
management schemes . Treatments 5Cl , 5C2 , 6 A , 6C , 7Al and 7A2 all 
represent  the third management scheme . Treatments 5 Cl and 5C2 repre-
sent two corn f ields that share a common cent er pivot machine . Both 
fields receive the same frequency. and irr igat ion depth of 2 .  5 cm 
(1 in) every 7 day s ,  however ,  the irrigat ions on each f i e ld are st ag-
gered by 3 . 5 days . 
The trea tments were meant to represent the ac t ua l  irrigation of 
two fields where a cent er pivot begins irrigat ion on one f ield and 
then 3 . 5 day s  lat er i t  has comple ted a revolut ion ,  b een moved and is 
ready t o  st ar t irrigat ion on the second field . The treatments were 
also designed to b r ing out possib le dif f erences in yield due to t iming 
effects of i rr igat ion dur ing cri t i cal crop moisture st ress stages . The 
concept is i llustrated in Figure 2 .  
Irrigation on 0 
Field 1 
Irrigat ion on 
F ield 2 
7 
Possib le cr it ical J 




Figure 2 .  I l lust rat ion of Possib le Irrigat ion Timing E f f e cts . 
Treatmen ts 6 A- 6 C and 7Al- 7A2 represent the same types of manage-
ment schemes as present ed above on ly the crops grown in the f ields 
sharing the common center pivot are alfalfa and corn in 6 A- 6 C  and alfal-
fa and alf alfa in treatments 7 Al- 7 A2 .  Treatments 8 A  and 8C represent 
the alfalfa (ear ly ) -corn ( late)  management scheme describ ed ear lier . 
The f ield exper imen tal s ite was located 13 km ( 8  mi)  southwe s t  of 
Brookings , Sout h  Dakot a  at the Sou th Dakota State Univer s ity Agr icul­
tural Eng ineer ing Research Farm . Eighty- three y ears of climatological 
data for. the resear ch area were availab le f rom the Agr i cult ural Eng i­
neering Department at South Dakota State Univer s i ty . The availab le 
data indicate an average of 1 2 7  days between the las t f ros t in the 
spr ing and the f ir s t  f ro s t  in the fall . The dat a  als o  ind i cate an 
average rain f all of 37 cm ( 14 . 5 in) f rom May through Sept ember a t  the 
research area. 
The . general plo t  locat ion on the Farm is indicated in Figure 3 .  
The topsoil  at the re s earch f arm is shallow and under lain b y  sand and 
grave l. Krame r ( 19 7 2 )  s ampled the soil in the plo t area and deter­
mined the depth of the t ops o i l  as we l l  as other s oil parame ters . Fig­
ure 4 s hows t he variat ion in the depth of topsoil in the plot area . 
The average depth was approximately 46 cm ( 18 in) with the s o i l  type 
ranging f rom a loam to a s il ty clay loam .  The plots  were arranged so 
that the depth o f  tops o i l  would b e  as uniform as pos s ib le ,  t hus mini­
mizing any extr aneous var iat ion due to dif ferences in s o i l  depth . 
A second c r i teria us ed t� locate the alfalf a plo t s  was the vigor 
of the alf alfa s t and . Again the plots were arranged s o  as  t o  minimize 
any ext raneous variat ion due to d if f erences in the s tand . The a lfalfa 
was planted . in 197 1  and croppe d for one year before the res earch began 
in 19 7 3 . Yield data from the corn and al falfa plo ts were co l lec ted in 
19 7 3,
' 
19 7 4  and 197 5 .  
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The 4 6 c m  ( 18 in) s oi l  prof i le has a f ield capaci ty o f  appr oximately 
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Figure 3 .  P lot Layou t with Plots Iden t i f ied by N umb er a t  the Agr i­
cu ltural Eng ineer ing Farm Near Brookings , S outh Dako t a . 
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Figure 4 .  Dep th o f  the Top s o i l  in the P lo t  Area a t  the Agricultura l 
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14 . 5  c m  ( 5 . 7  i n )  and a permanent wilt ing point of  approximately 8 . 4 cm 
( 3 . 3  in) . The f ield cap acity was det ermined by pond ing water , s at u­
rat ing the soil  and then taking measurement s 2 4  hr and 4 8  hr af ter the 
soil had been s a t urated . · The permanent wilt ing p o in t  was determined 
by a 15 bar pres sure ap paratus . An average b ul k dens ity o f  the s o il 
was 1 . 33 . The root z one was as sumed to  termina te at  the interface be­
tween the top s o i l  and t he s and and gravel below .  S ince the availab le 
moisture was only 6 . 1  cm ( 2 . 4  in) , the crops were not ab le to withdraw 
appreciab le moi s t ure from s t orage and were forced t o  rely mainly on 
irrigat ion and rainfall  for  their water requirements . There were no 
ind icat ions that t he water tab le ,  which on the average was 2 . 1  m ( 7  f t )  
below the s u r face , _ con tr ibuted s igni f icant ly to evap o transp iration .  
The var i ous management s chemes were simulated in the f ie ld b y  means 
of 12 . 2  m by 12 . 2  m ( 40 ft by 40 f t )  p lot s .  Each p lot  was independen t ly 
irrigated . A de tail drawing of  a typ ical plot is  shown in Figure 5 .  
Each plo t  was irr igated by four Rainb ird PJ25  quar ter c ir cle sprinklers . 
Figure 6 shows one o f  the quar ter c ircle sprinkler heads b e ing adj us ted 
by the autho r . The sprinkler noz z le diameter was 0 . 3 1 8  cm ( 1 / 8  in) . 
The plots wer e irrigated with ab out 5 . 8 Kpa (40 p s i )  pres s ure a t  the 
noz z le .  According to  Rainb ird specificat ions the discharge for each 
noz z le , at  t he g iven p ressure , was 0 . 0113 m3 /min (3 gpm) and the wet ted 
radius was l l . 3 m ( 37 f t ) . At an app licat ion e f f i c iency of 8 3  per cent 
there would be a net app licat ion rate of 1 . 52  cm/hr ( 0 . 6 0  in /hr) . The 
exp eriment al app licati on dep th of 2 . 5  cm (1  in) took _ lOO minutes t o  
apply . The a c tual exper imen tal ap pl ication dep ths were o c cas ionally 
-;-: 54 : ( 1  in) ·[? - - -
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Figure 5 .  Typ ica l  Layout o f  P lot Spr inkling Sys tem .  
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Figure 6 .  Adj us tment of a Quarter Circle Sprinkler Head . 
checked in the f ield by p lacing measurement equ ipment in the p lot area . 
Ac tual  dep ths d id not vary s ignificantly from the calcu lated dep ths . 
Figures 7 and 8 show the alfalfa and corn p lots being irr igated . 
The irrigat ion s cheduling aspect of this research was very impor­
tant .  S chedul ing was b ased primar ily on mois ture dep let i on and the 
allowab le irrigat i on frequency of 2 . 5  cm ( 1  in) every 4 or 7 days de­
pend ing on the t reatment . Mois ture dep let ion was e s t imated by us ing a 
water balance and the method presented by Brosz and Wiersma ( 19 70 )  t o  
calculate evapotransp irat ion . Th is method es t imates the p o tent ial 
evapotransp irat ion in the Brookings area to be about 46 cm ( 18 . 2 in) for 
corn and 6 7 . 5  cm ( 2 6 . 6  in) for alfalfa while the average rainf all dur ing 
the growing season is 37 cm ( 14 . 5 in) . Although the average amount of  
rainfall is fairly c lose t o  the pot�nt ial evapot ransp irat ion for corn 
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Figure 7 .  Alf a l f a  P l o t s  B e ing Irr i ga t ed . 
Figure 8 .  Corn P lot s B e ing I rr igat ed . 
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i t  is an average value . The t iming and dep ths o f  the individual rain­
f alls are such that crops generally canno t us e the total  dep th in evapo­
transp iration , thus irrigat ion is  us ually neede d f or the crop s  to 
approach the i r  potent ial evapotranspirat ion .  Thi s  i s  especially t rue 
on sh al low s o i ls with low mois ture holding capacit ies , such as the soil 
at the Agr icultural Engineering Research Farm . 
One of  the b as i c  obj e ct ives of the s cheduling was t o  keep the 
avai lab le s o i l  mo is ture deplet ion les s than 50 p er cent , if p os s ib le .  
The shallow s oil  s i tuat ion , however ,  presented p ar t i cular s cheduling 
prob lems . S ince the experimental applicat ion dep th was j us t  les s than 
one-half of  the avai lab le mo is t ure , the p lots were generally irrigated 
as soon as the dep let ion app roached the applicat ion dep th and the f re­
quency criteria would allow the app licat ion . Lit t le or no allowance 
was usual ly made f o r  rainfall s t orage . 
The p lo t s  were s amp led for mo is ture content periodically through­
out the growing season by means of  a mois t ure probe . The mo is ture con­
tent was meas ured on a gravime t r i c  basis and then conver ted to a vo lu­
me tric  b as is . 
Throughou t  the growing seas on i t  became obvious tha t  the Brosz­
Wiersma method of e s t imat ing evapotranspirat ion would no t a c curately 
represent the moi s ture loss when the profile b e came dry . S ince the 
soil mois ture in the shal low soil at the p lot area oc cas ionally ap­
proached or dropped b elow the permanent wilt ing p oint , a mois ture 
dep le t ion f actor s imilar to that us ed by Jens en e t  a l . ( 19 7 1) was 
app lied . I t  was ass umed tha t the ac tua l evapotransp irat ion equaled 
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the evapotransp irat ion predicted b y  the Brosz-Wiersma me thod times a 
factor Ka . The factor Ka equaled ln (RM+l) /ln ( lO l) , where RM is the 
percent age of remaining s oi l  mois ture that can be dep leted . The factor 
was app lied in calculating monthly and seasonal evapotransp i ration and 
in calculating the mois ture dep let ion curves shown in App endix B .  The 
f actor was not used in the actual . s chedulin g  procedur e . S cheduling 
irrigat ions by the Brosz-Wiersma me thod without the moisture dep le t ion 
factor result e d  in a s light increas e in the seasonal irrigation over 
what would have been if the factor had been used . 
The agronomic aspects of  the experimen t were conducted to s imulate 
the management that an irr iga tor wishing to attain maximum yie lds would 
use .  A s ummary of pertinen t  agronomic data is given in Tab le 3 .  The 
fertilizer applicat ion rates were b ased on soil s amp l e  ana lys is perf ormed 
by the S oil Tes t ing Laboratory at S outh Dakota S t at e Univers ity . The 
fer t i lizer was app lied at rates that would no t limit the expe cted y ields . 
All o f  the alfalfa  f ert ilizer and a corn s t ar ter fer ti lizer containing 
about 10 percent of the total nitrogen and all of the phosphorus and 
pot as s ium wer e app lied to the p lots each spring . The res t o f  the nitro­
gen was app lied t o  the corn p lots  through the irrigat ion sys tem in 
either two or three irrigat ions during the growing s e as on .  
All o f  the yie ld inf ormat ion was ob tained by manually harvest ing 
the p lots . Y i e lds  f or the corn p lots were gathered b y  manua l ly pi cking 
an area near the cent er of the p lot that was 4 rows wide and 4 . 6 m 
( 15 f t ) long . The row spac ing was 0 . 9 1 m ( 36 in) . The corn was weighed 
on the cob to ob tain the total wet weight . Cross s e c t ions of several 
Table 3 .  Agronomi c Informat ion f or Corn and Alfalfa Trea tmen ts a t  the Agricul tural Engineering Farm 
(19 73-19 75 ) . 
P opulat ion 
· Plant ing Plants/ha* 
Y e ar Cr op Date (Plant s / ac) 
19 7 3  Corn+ May 15 5 7 , 000** 
. (23 , 000) 
Alfalfa0 --- - --
19 7 4  Corn+ May 17 57 , 000** 
( 23 , 000) 
Alfalfa0  - - - - --
19 75  Gorn+ May 15 , 49 , 000** 
( 2 0 , 000 ) 
Alf alfa0 - - - -- -
+Sokota TS 6 7  corn variety 




Oc t .  18 
June 11 
July 16 
Augus t 29 
Oct . 2 
June 14 
July 20 
Sept . 3 
Nov . 4 
June 26 
July 30 
Sep t .  8 
Fer t i lization° 0 
N P 205 K20 Insect icide 0 0 
kg /ha kg /ha kg/ha kg/ha 
( lb / ac) ( lb/ac)  ( lb I ac)  ( lb /  ac)  
Bux 10 
19 3 40 13 1 . 1 
(17 2 )  ( 36 )  (12 ) ( 1) 
0 5 0  6 7  
( O )  ( 4 5 )  ( 6 0 )  
Furadan 
264  171 138 1. 7 
( 2 3 5 )  (15 2 )  (12 3 )  (1.  5 )  
0 90  . 90 
( O )  ( 80)  (80)  
Furadan 
19 3 86 139 1. 7 
(17 2 )  ( 7 7 )  (124)  (1 . 5 )  
10 50 121 
( 9 )  ( 45 )  (108)  
**Dryland plots thinned t o  approximately 37 , 000 p lants /hectare ( 15 , 000 p lants /acre) 
0 0Ac tive material 
Herb icide 0 0 
kg /ha 
( lb / ac) 
Atra z ine 
3 . 4 
(3 )  
Atraz ine 
2 . 8 
( 2 . 5 ) 
Atraz ine 
2 . 8 




ears from each s ample were oven dried to de termine the mo is t ure conten t  
o f  the s amp le . The data were then used to compute the yield at 15 per­
cent mois t ure . The alfalfa y ield s  were handled in much the s ame way . 
The pl�t area was mowed with a standard sickle mower . The s amp le area ,  
usually 4 . 6  m by 4 . 6  m ( 15 f t  by 15 f t ) , was measured o f f  in the center 
of each p lot . The cut  a lf alfa in the s amp le area was colle c t ed and 
weighed . At the t ime o f  the weighing a mois ture samp le was als o taken . 
The moist ure s amp les were oven dried and the informat ion was us ed to  
dete�ine the y ield in terms o f  dry mat t er .  Figures 9 and 10 i llus trate 
par t of the harves t ing procedure for the corn and alfalfa p lots . 
�igure 9 .  A Corn P lot  Harvest  Being We ighed . 
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Figure 10 . An Alfalfa P lot  Harvest  Being Weighed and S amp led f or Mois ture . 
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ANALY S I S  O F  DATA AN D  RESULTS 
Fie ld Inve s t iga t i on 
The main purpose o f . the f i e ld exper iment was to  g ather yield dat a .  
Thes e  dat a were cbllected i n  order that y ie ld e s t imat es and e conomic 
analyses could be mad e . One of the f irst s teps in evaluating the yield 
data was the comp let ion o f  s tatist ical analyses . 
The individual plot  yields used f or the analyses are lis t ed in 
Appendix C .  The average y ields f or the ind ividual t reatmen ts are in­
d i cat ed in T ab le 3 a .  T ab le 4 shows the ana ly s i s  o f  var iance f o r  the 
corn yield d at a .  The results o f  the analysis indicat e that the treat­
ment , year and t reatment by year component s are all s ta t is t i cally 
s igni f i cant . The s ignif i cance of the t reatment comp onent was further 
inves t igat ed by s ing le degree of  freedom p ar t it ions whi ch are indicat ed 
in Tab le 5 .  The f ir s t  par t i tion compared dry land management t o  i rri­
gated manag ement . The high ly s ignif i cant F test along wi th the means 
listed in Tab le 3a ind i cate that the aver age yields o f  the irrigated 
treatment s  are higher than the dryland yield . The s econd p ar t i tion 
b as i cally c ompar ed the 2 . 5  cm ( 1  in) every 4 days t r eatments , 2 C  and BC , 
to the 2 . 5  cm ( 1  in) every 7 days t reatment s .  Accord ing t o  the 8A- 8C 
management cri t er i a , irr igat ion on the corn began about July 1 .  S ince 
this was normally the t ime irrigat ion als o began on t reatment 2C , 
treatment s 2 C  and BC were b asically the same . The s igni f icance o f  the 
comp arison along with  means lis ted in Tab le 3a indi cate that on the 
average the r e  is a higher yield assoc iated with the higher irrigat ion 
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frequency . Thus , under condi t ions s imi lar to this experiment , a corn 
yield reduc t ion wou ld be expected when a cent er p ivot machine is used on 
two f ie lds rathe r  than one . 
Tab le 3 a .  Average Yie lds for Given Treatment s .  
Average treatment y ields 
Treatmen t s  from 19 7 3- 19 7 5  
Corn 1000 kg /ha (b u/acre) 
lC 0 . 6 6 ( 10 )  
2 C  8 . 31 (132)  
5Cl  6 . 9 6 (11 1) 
5C2  6 . 9 8 ( 111)  
6C  6 . 47 ( 10 3 )  
B C  8 . 48 ( 135 ) 
Alf alfa 1000 kg /ha ( t ons / acre) 
3A 5 . 9  ( 2 . 6 2 )  
4A . 11 . 3 ( 5 . 0 7) 
6A 11 . l  (4 . 9 5 )  
7Al 11 . 1 ( 4 . 9 6) 
7A2 10 . 9  ( 4 .  8 3 )  
BA 8 . 8 . ( 3 .  9 1) 
38 
Tab le 4 .  Ana ly s is o f  Variance o f  the 19 7 3- 19 75 Corn Yie lds . 
Source DF SS MS MSE F 
Total 7 1  5 9 6 . 49 
Treatmen t 5 49 7 . 62 9 9 . 5 2 Yo 2R (T)  + RYo
2
T 82 . 9 3** 
Year - 2 24 . 7 0  12 . 35 2 C'. RY (T)  + RTo 2y 19 . 9 2** 
Tmt . x Year 10 30 . 11 3 . 01  2 a RY (T)  + 
2 Ra TY 4 . 85 * *  
Reps . /Tmt . 18 2 1 .  6 4  1 .  2 0  �o 2R (T)  
Years x Rep s . /Tmt . 36 22 . 42 0 . 62 2 a RY (T ) 
**S ignif i cant at  the 0 . 5 % leve l .  
Tab le 5 . S ing le Degree o f  Freedom Partit ions o f  Treatment S um o f  
Squares f or Corn Y ields . 
Par t i t ion S S  MS F 
1 .  l C  vs ( 2 C+S C 1+5C 2+6C+8C)  459 . 05 459 . 05 382 . 54** 
2 .  (2C+8C) vs ( 5 C l+5 C 2+6 C )  3 6 . 20 3 6 . 20  30 . 17** 
3 .  5Cl vs 5C2  < 0 . 0 1  < 0 . 01 < 0 . 01 
4 .  2 C  v s  8C 0 . 17 0 . 17 0 . 14 
5 .  (5Cl+5 C2)  vs 6 C  1 .  9 3  1 .  9 3  1 . 60 
**S i gn i f i cant at  the 0 . 5 % leve l .  
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The las t three p ar t i t ions c ompared t reatmen t s  whi ch had the s ame 
b as ic  irr igat i on f requencies . None of these compar i s ons  were s igni f i-
cant . A more in-depth analy s i s  where the f ive par t i ti ons were compared 
on a year ly b as i s  ind icated there were no dif ference s in  the means o f  
the 2 . 5  cm ( 1  in) every 7 days t reatments . Thi s  analy s i s  ind icates that 
any irrigat ion t iming effects  due· to  moving . a  center p ivot machine , 
whi ch causes d i f fering s t ar t ing dates f or an irri ga t ion cycle on a 
par t i cular f ie ld , have an ins ignif icant effect on y ield . 
The s ignif i cance o f  the year component of the analy s i s  o f  var iance 
in Tab le 4 indi cates  that the average yields dif f ered d epending on the 
year . The s ignif icance o f  the treatment by year interact ion indi cates 
that the relat ive magni tudes of the treatment y ie ld s , in rela t ion to 
each o ther , were dif ferent in the various years o f  the experiment . 
The s igni f i c an ce o f  the treatment by year comp onent was caused , in part , 
by a relat i onship that was brought ou t in a more in-dep th analy s i s . In 
19 7 4 the means o f  the high irr igat ion t reatments , 8C and 2 C ,  wer e  not 
dif ferent f r om the means o f  treatment s 5C l ,  5 C2 and 6C or the low irri-
gat ion t reatmen t s . In the o ther two year s , however , the means o f  8 C  and 
2C were highe r . The differences in these two years we re great enough to 
s ta t is t i cally indi cate that on the average there i s  a dif f erence be tween 
the two irr igat ion leve ls . 
The analy s is o f  var iance f or the alfalfa yields i s  indicated in 
Tab le 6 . The s igni f icance o f  the treatment comp o�ent again indicates 
that there is  a dif ference in y ields depending on the t re atmen t . As 
with the corn the alf alfa treatment comp onent was b roken int o s ingle , 
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Tal>le 6 .  Analys is of Variance of the 197 3-19 7 5  Alfalfa Y ields . 
S ource DF S S  
Total 215 5 8 7 . 6 1 
Treatmen t s  5 94 . 14 
Cut t ings 2 32 2 . 12 
Years 2 2 7 . 48 
Tmt . x Cut . 10 42 . 03 
· Tmt . x Years 10 5 . 9 0 
Cut . x Years 4 4 4 . 04 
Tmt . x Cut . x Years 20 10 . 43 
Reps . /Tmt . · 1 8  9 . 50 
Cut . x Rep s . /Tmt . 36 9 . 17 
Years x Reps . /Tmt . 36 6 . 7 5 
C ut . x Y e ar x Rep s . /Tmt . 7 2  16 . 05 
**Signi f i can t a t  the 0 . 5% leve l .  
* S ign i f i can t a t  the 1 . 0% leve l .  
MS 
18 . 83 
161 . 06 
1 3 . 7 4 
4 . 20 
0 . 59 
11 . 01 
0 . 5 2 
0 . 5 3 
0 . 25 
0 . 19 
0 . 2 2 
MSE 
2 CYo R (T ) 
2 Yo RC (T ) 
2 Co RY (T ) 
2 Yo RC (T ) 
2 Co RY (T) 
2 
a RCY (T ) 
2 o RCY (T:) 
2 CYo R (T) 
2 . Yo RC (T ) 
2 Co RY (T ) 
2 
a RCY (T ) 
+ RCYo2T 
+ RTYo 2 c 
+ RCTo 2y 
+ RYo 2TC 
+ RCo 2TY 
+ RTo 2CY 
+ Ro 2TCY 
F 
35 . 5 3 ** 
6 44 . 24** 
7 2 . 32* *  
16 . 80** 
3 . 11* 
50 . 04** 
Tab le 7 .  S ingle Degree of Freedom Partit ions o f  Treatment · Sum 
o f  Squares for Alfalfa Yields . 
Par t i t ion SS . MS F 
1 .  3A vs ( 4A+6A+7Al+ 7A2+8A) 75 . 20 7 5 . 20 14 1 .  89** 
. 2 .  4A vs ( 6A+7Al+ 7A2 ) 0 . 27 0 . 27 0 . 51 
3. 7Al v s  7A2 0 . 17 0. 17 . 0. 32 
4.  6A v s  ( 7Al+ 7A2 � 0. 10' 0. 10 0 . 19 
5.  ( 4A+6A+ 7Al+ 7A2 )  vs BA 17 . 80 1 7 . 80 3 3 . 5 8** 
6.  8 A  v s  3A0 16 . 40 16 . 40 30 . 94** 
**Signi f icant  at the 0 . 5% level . 
0 A non- or t hogonal c omparison . 
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degree of f reedom p ar t i t ions a s  is  shown i n  Tab le 7 .  
Par t i t ion 1 in Tab le 7 comp ared irrigated alf alfa t o  dry land 
alfalfa . The s igni f icant F test  along with the means lis ted in Tab le 
3a indicate that the average irr igat ed yield was greater than the dry­
land y ield . The se cond part it ion had a nons igni f i can t  F tes t .  This 
compar ison was between the treatmen t that r eceived 2 . 5 cm ( 1  in) every 
4 days and the average of the treatments that received 2 . 5  cm ( 1  in) 
every 7 days . The nons ignifi cant F test indicates that the increased 
irrigat ion f requency did not increase yield . Par ti t i ons 3 and 4 ,  which 
compared the trea tment s that received 2 . 5  cm ( 1  iµ) every 7 days were 
also nons ign i f icant . S ince there were no s igni f i cant d if ferences among 
the y ields f or treatments 4A , 6A, 7Al and 7A2 an average value c ould b e  
used t o  r epres ent an es t imate o f  yield for any of the respe c t ive t reat­
ments . Par t i t i on 5 compared the alfalfa yield of the alfalfa (early ) ­
corn ( late) management scheme to the average yield o f  the res t o f  the 
irrigated treatmen ts . Partit ion 6 compared the alfalfa y ield for the 
alfalfa ( early ) - corn ( lat e) management scheme to the y ield o f  the dry­
land managemen t s cheme . In both cases there wer e  s igni f i cant F t es ts . 
The signif i canc e o f  p ar t i t ions 5 and 6 indicate that the y ield of treat­
ment 8A is d i f f eren t  from b oth dry land alfalfa and alfa lf a that is irri­
gated f or the ent i re seas on . Par tit ion 6 is a nonor thogonal par t i t ion 
or the informa t ion it g ives overlaps  s ome of the inf ormat ion already pre­
sented in the other f ive compar is ons . I t  was decided b e f or e  the s t atis­
tical analys i s  that i t  is an important compar is on and that it  sho uld be 
made even though it  i s  not a comp letely indep endent p ar t i t ion . 
A more in- dept h  analys is o f  the alfalfa y ields is  p res ented in 
Tab le 8 ,  where the treatments  are compared on a per cut t ing basis . 
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The dryland y ield , which is comp ared t o  the irrigated t reatmen t s  in 
par tit ion 1 ,  i s  always lower than the average irrig at ed y ield . The 
mo i sture content at the b eginning of the growing season was typ ically 
about the s ame f or all the treatment s  but in 19 7 3  and 19 7 5  the irr i­
gated p lo t s  received at  leas t one irrigation be f or e  the f ir s t  cut t ing . 
Thi s  could have b een one o f  the reas ons why the i r r igated p lo t s  had a 
s light ly higher yield f or the f irst  cut t ing . Another p o s s ib le reason 
for the h ighe r  yield in the f irst  cut t ing was that the p lant p opulation 
decreased on the d ryland p lots as the experimen t p r og res s ed . 
One o f  the results  of par tit ion 2 ,  Tab le 8 ,  was unexpect ed . The 
yie ld f or the firs t cut t ing of treatmen t 4A,  2 . 5  cm ( 1  in) every 4 days , 
was s ignif icant ly lower than the mean o f  the yields f or the 2 . 5 cm 
( 1  in) every 7 d ays  treatment s .  Although the lower y ield was s t at is­
t ically s ignif icant , the actual dif ference only averaged 500 kg /ha 
(0 . 2  ton/acre ) . For the other cut tings treatmen t 4A had a s light ly 
higher y ie ld than the average y ie ld of treatments  6A , 7Al and 7A2 , or 
the 2 . 5  cm ( 1  in) every 7 days treatments . The higher yields in the 
last two cut t ings were not enough to make the y ie ld o f  t reatment 4A 
s ignif i cant ly higher than the 2 . 5  cm ( 1  in) every 7 day s  treatmen t s  
when averaged over all three cut t ings ( Tab le 7 ) . 
In f ive out o f  the s ix comp arisons presen ted in p ar t it ions 3 and 
4 ,  the y ie ld s  f o r  the 2 . 5  cm ( 1  in) every 4 days treatment s  d id not 
vary s ignif i cant ly within any given cu t t ing , which wou ld b as ically 
Tab le 8 .  S ing le Degree o f  F reedom -Compa r i s on o f  Al falfa Treatment Par t i t ions on a Per Cu t t ing Bas is . 
Cut ting 1 Cutt ing 2 
Par t it ion SS F SS F SS 
-
1. 3A vs ( 4A+6A+7Al+7A2+8A) 2 . 0 4 8 . 16 ** 70 . 43 2 81.  72*** 28 . 02 
2 .  4A vs (6A+7Al+7A2 ) 2 . 2 6 9 . 04***/1 1. 49 5 .  96* 1 . 40 
3. 7Al vs 7A2 0 . 2 6 1. 04 1. 19 4 . 7 6 *  o .  7 7  
4. 6A vs ( 7Al+7A2 ) 0 . 10 0 . 40 0 . 14 0 . 5 6  0 . 25 
S .  8A vs (4A+6A+7Al+7A2 )  0 . 18 0 .  72 3 . 88 15 . 5 2*** 24. 06 
6 .  3A v s  8A0 0 . 7 0 2 . 80 2 7 . 61 110 . 44*** 1 . 00 
0A non-or thogonal compar ison . 
*Signi fi cant at the 5. 0% level . 
**Signif icant at  the 1. 0% level .  
***Significant a t  the 0 . 5% leve l . 
11The mean of (6A+7A1+7A2 ) is higher than the mean of 4A for the f irst cut ting . 
Cut t ing 3 
F 
· 112 . 08*** 
5 . 6 0* 
3 . 08  
1 . 00 
9 6 . 2 4* ** 
4 . 00 
� 
w 
indi cate that the y ie lds f or treatmen ts  6A,  7Al and 7A2 all respond 
to the irrigat ion in the s ame manner . Compar is ons made in par t i t ions 
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5 and 6 toge ther with the other comparisons ind i cate how the alfalf a 
yield from the alf alfa (ear ly ) - corn ( late )  management s cheme dif fer s  
from the yield  for  the �ryland s cheme and the s chemes where t h e  alf alfa 
is irr igated over the en t ire s eas on . The y ield of treatment 8A i s  no t 
signi f icantly d i f f e rent from either the dryland yie ld ( compar i s on 6 )  
or the yield s  from the o the r irrigated p lot s ( comparison 5 )  f or the 
first cut t ing . The s e cond cut t ing y ield o f  t reatment 8A is h igher than 
the dry land y ie ld but  lower than the average y ie ld o f  the irrigated 
p lots . Although it is d i f f erent from b o th , its yield app r oache s that of 
the irr igated p lo t s � The third cut t ing yield of t reatment 8A is ab out 
the s ame as the dryland y ield , which is s igni f icant ly be l ow the yield s  
o f  the other irr igated p lo ts . The relative chang ing of the magnitudes 
of the ind ividual cut t ing yields of treatment 8A compared to the other 
· treatmen ts is probab ly in p ar t  why the t reatment by cut t ing component in 
Tab le 6 is s ignif icant . 
The s igni f i cance o f  the cu tting comp onent of Tab le 6 ind i cates that 
the average y ie ld per cut t ing varies depending on the cut t ing . The 
yield s  decreas e with each successive cut t ing . A s igni f i c ant  F test  on 
the years component s imply means that the average y ie ld varies from year 
to year . 
The s igni f icance o f  the t reatment by year and cut t ing by year 
component s  o f  Tab le 6 means that the relat ive rela t i onship of the mag­
ni tude of yie ld s  to the t reatments  vary depending upon the year and that 
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the relative relationsh ip of the magnitude of yie ld s  f or a given cu tting 
vary depend ing up on the year . An examp le of the second s ituat ion may be 
illu s trated by looking at the dryland y ield s  f or the s econd and third 
cut t ings , Tab le CZ  (Append ix C ) . In 19 73  the yield f or cut t ing 2 was 
higher than the y ie ld f or cu tting 3 .  Due t o  rainfall late in the 19 75  
seas on , the  yield f or cut t ing 3 was higher than the yield f or cut t ing 2 .  
Any o f  the c omponent s  that d eal with years could be exp ected t o  be  
s ignif ican t  s in ce there are many uncontro lled var iab les such as tempera­
ture , rainfall , sunshine e t c .  which affect yield and vary from year to 
year . 
The s tat is t ical analyses b as ic ally show that there are s ome dif­
ferences among b o th . the corn and the alfalf a t reatments .  In the corn 
treatmen t s , the y ie ld s  f or the 2 . 5  cm (1 in) every 4 days treatments , 
including the c orn ( lat e )  treatment , were higher than the yields f or the 
2 . 5 cm ( 1  in) every 7 days treatments and the yield s f o r  the 2 . 5 cm 
. (1  in ) every 7 d ays  treatment s  were higher than the dryland y ie ld . The 
other compar i sons o f  the t reatments showed no s igni f icant diff erences 
in yield . 
The s t a t i s t i cal ana lyses of the alfalfa yield s ind icated that there 
was bas ically a d if ference be tween the dryland and the irr igated t reat-
ments . The yield f r om the alfalfa treatmen t irrigated 2 . 5  cm ( 1  in) 
every 4 day s  was not s ignif ican tly dif ferent from the yield s  o f  the 
treatment s irr igated 2 • 5 cm · ( 1 in) every 7 days . For the f ir s t  cut t ing 
the y1eld f or the alfalfa (ear ly) treatment was not d�f ferent from 
either the irr igated or the dryland yield . The yield f or the a lfalf a 
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{early ) treatment was lower than the irrigated tr�atmen t s  b ut was s t ill 
higher than the dry land t reatment for the s e cond cut t ing . The alfalfa 
(early ) treatment yield was ab out the s ame as the dry land yield f or 
the third cutt ing . 
One o f  the unc ontro lled var iab les that prob ab ly had the mos t ef fect 
on yield was r a infall . The rainf all during a maj or  par t of  the growing 
seas on was b elow normal f or a ll three years of the resear ch . Figure 11 
indi cates the d eviation of the rainfall from normal . The actual amounts 
of  precip i tat i on are lis ted in Appendix D .  Precip i tation during the 
months of July and Augus t was especially low . The dryer than normal 
condi t ions would have made the crop s  more dependent on irrigation than 
normal and any dif f erences in yields found in this research may b e  
greater than d i f f erences in a normal year . 
The soil moi s t ure dep let ion curves in Appendix B ind i cat e mo is ture 
level f luctua t i ons dur ing the growing seasons . Mo is ture s amp les ob­
tained in the field ind ic ated that mo is ture was wi thdrawn be low the 
lab oratory evaluated permanent wilt ing point . The mo i s ture s amp les that 
were obt ained f rom the f ie ld represented an average moi s ture content f or 
the enti re 46  cm ( 18 in) p rofile . A reason why the moi s t ur e  c ontent 
went s o  low may have been that evaporative los ses f r om the s o i l  surf ace 
lowered the moi s tur� content of the upper part o f  the prof ile we ll b elow 
the permanent wilting p oint and thus lowered the average moi s ture con­
tent of the ent ire p rofile . The lowest sample had a moi s ture content of 
approxima t ely 5 cm ( 2 in) so  this value , rather than the permanent wi lt-
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Figure 11 . Compar i s on o f  Ra inf all During the Year s o f  the 
Exper imen t to Norma l Ra inf al l .  
mois ture pre.s ented in Appendix B .  
Winter recharge was assumed to bring the s oi l  p r o f ile t o  f ield 
capacity at  the b eginning o f  the growing s eas on in 19 7 4  and 19 7 5 . In 
19 7 3 the soil  moi s ture content at  the beg inning o f  the growing seas on 
was e s t imated t o  b e  1 1  cm ( 4 . 3 in) . The field mo i s ture s amp les show 
4 7  
only f a i r  agreement with the calculated curves , howeve r , they generally 
agree wel l  enough that the trend o f  the moisture dep le t ion can b e  repre-
sented by the c alcula ted curve . 
The mois ture leve l in treatment lC (dry land corn , Figure B l ,  
App endix B ) wen t be low the permanent wil t ing p o int  f o r  a cons iderab le 
par t o f  July , Augus t and Septemb er during all three years . The effect 
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of the low moi s t ure level i s  evident in b o th the y ield and the evapo­
transp irat ion dat a p resented in Tab le 9 .  The dryland values are con­
siderab ly lower than the values for the o ther treatments .  In 19 7 5  there 
was more rain f al l  in Augus t  and S eptember than in the o ther two years . 
This inc reas e in rainf a ll was accompanied by a s l ight increas e in yield . 
For pract i cal purposes  the dry land corn yield o f  the experiment could 
have b een as s umed as zero . 
Treatment 2C  was the maximum irr igat ion treatment o f  2 . 5  cm ( 1  in) 
every f our day s . Treatmen t 8C , corn ( late) , had b as i cally the s ame 
irrigat ion s cheme as t reatment 2C s ince irrigation on 8C b egan in ear ly 
July and the normal i rr igat ion season for corn als o b egan in ear ly July . 
S ince the irri ga t i on o f  the two treatmen ts was very s imilar , the mois­
ture dep letion curves for t reatment 2C , Figure B 2 , are also repres enta­
tive o f  the dep let ion curve s for treatment 8C . Figure B 2  indicates tha t 
the mo is.ture level was generally adequat e dur ing the experimental years . 
· The mois ture levels generally remained ab ove 50 per cent availab le mois­
ture . Tab le 9 ind i cates that the yields associated with these treatments 
are higher than the y ie lds  associated with the lower irr igat ion rate . 
The irr igat ion dates and amoun ts are ind icated b o th in App endix B and 
Appendix C .  The ini t iation of irr igat ion was lat e in 19 7 5 , however , 
the s imulated sys t em had suf ficient capac i ty to b r ing the moisture level 
back to near f ie ld cap acity . 
The t iming o f  the irrigations , indicated on the mo is ture dep let ion 
curves and a ls o  in Appendix D ,  i llus trated one prob lem in the experimen­
tal procedur e . The exper imental set up was such that the p lots  could be  
Table 9 .  Seasonal Yie ld and Moisture Use Data for Corn . 
Trea tmen t Year 
Average 
y i e ld 0  
1000 kg/ha 
(Bu /acre)  
Se asonal* 
r a in f a l l  
cm ( in)  
Seasonal 
irriga t ion 
cm ( in ) 
Seasonal 
d rainage 
cm ( in) 
Seasonal 
evapot rans­
p i ra t i on 
cm ( in)  
Decrease 
in s o i l  
mois ture 
s t or age 
cm ( in) 
lC 19 7 3  0 . 4 7 ( 7 . 5 ) 16 . 6  ( 6 . 5 5 )  0 ( 0 )  0 (O) 2 1 . 4 ( 8 . 4 2 )  4 . 7 5  ( 1 . 8 7 )  
19 7 4  0 . 1 1  ( 1 . 7 ) 2 2 . 7  ( 8 . 9 4 )  0 ( 0 )  7 . 2 8 ( 2 . 87 ) 2 4 . 9  ( 9 . 80 )  9 . 50 ( 3 . 7 4 )  
19 7 5  1 . 4 1  ( 2 2 . 6 ) 3 3 . 4 ( 13 . 10)  0 ( 0 )  5 . 5 2 ( 2 . 1 7 )  32 . 3  ( 1 2 . 7 0 )  4 . 3 3 ( 1 . 7 0 )  
Average 0 . 6 6 ( 10 . 6 ) 24 . 2  ( 9 . 5 3 )  0 ( 0 )  4 . 2 1 ( 1 . 6 8 )  . 2 6 . 2  ( 10 . 3 0 )  6 . 1 9 ( 2 . 4 4 )  





19 7 4  7 . 10 ( 11 3 . 0 ) 2 2 . 7 ( 8 . 94)  38 . 1  ( 15 . 00 )  1 7 . 20 ( 6 . 71 )  4 5 . 9  ( 1 8 . 10)  2 . 36 ( 0 . 9 3 ) 
1 9 7 5  8 . 9 1  ·().42 . 0 ) 3 3 . 4 ( 1 3 . 10)  25 . 4  ( 10 . 00 )  14 . 90 ( 5 . 8 7 )  45 . 2  ( 1 7 . 80) 1 . 2 5 ( 0 . 4 9 )  
Ave rage 8 . 3 1  ( 1 32 . 0 ) 2 4 . 2 ( 9 . 5 3 )  3 3 . 1  ( 1 3 . 00 )  12 . 40 ( 4 . 87 ) 45 . 5  ( 1 7 . 9 0 )  0 . 4 5 ( 0 . 1 8 )  
19 7 3  
19 7 4  
19 75  
Ave r age 
8 . 2 4 ( 1 3 1 . 0 ) 1 6 . 6  ( 6 . 5 5 )  3 4 . 2  ( 1 3 . 5 0 )  
7 . 39 ( 1 18 . 0)  2 2 .  7 ( 8 . 94 )  2 7 . 9  ( 1 1 . 00 )  
5 . 2 4 ( 8 3 . 0 ) 3 3 . 4 ( 1 3 . 1 0 )  20 . 3  ( 8 . 00 )  
6 . 9 6 ( 1 1 1 . 0 ) 2 4 . 2 ( 9 . 5 3 )  2 7 . 5  (10 . 80)  
19 7 3  7 . 80 ( 124 . 0 ) 16 . 6  ( 6 . 55 )  36 . 4  ( 14 . 30) 
19 7 4  6 . 7 9 ( 108 . 0 ) 2 2 . 7  ( 8 . 9 4 )  3 3 . 0 ( 1 3 . 00)  
1 9 7 5  6 . 35 '  ( 10 1. 0 )  3 3 . 4 ( 1 3 . 10)  20 . 3  ( 8 . 00 )  
Average 6 . 9 8 ( 1 1 1 . 0 ) 2 4 . 2  ( 9 . 5 3 )  2 9 . �_( 1 1 . 7 0 )  
197 3 7 . 4 4 ( 1 1 8 . 0 ) 16 . 6  ( 6 . 5 5 )  3 3 . 4 ( 1 3 . 10 ) 
19 7 4  5 . 9 4  ( 95 . 0 ) 2 2 . 7  ( 8 . 9 4 )  3 3 . 0 ( 1 3 . 00 )  
19 7 5  6 . 05 ( 96 . 0 ) 3 3 . 4  ( 13 . 10) 20 . 3 ( 8 . 00 )  
Ave rage 6 . 4 7 ( 10 3 . 0 ) 2 4 . 2  ( 9 . 5 3 )  2 8 . 9 ( 1 1 . 40)  
19 7 3  
19 7 4  
19 75 
Ave rage 
9 . 9 3 ( 15 8 . 0)  16 . 6  ( 6 . 55 )  
7 . 4 5 ( 1 19 . 0) 2 2 . �  ( 8 . 9 4 )  
8 . 04 ( 1 28 . 0 ) 3 3 . 4 ( 1 3 . 10) 
8 . 48 ( 1 35 . 0 ) 2 4 . 2  ( 9 . 30)  
36 . 4  ( 14 . 30)  
35 . 6  ( 14 . 00)  
2 7 . 9 ( 1 1 . 00)  
3 3 . 3 ( 1 3 . 10)  
·5 . 6 4 ( 2 . 2 2 ) 
9 . 7 1 ( 3 . 82 )  
1 1 . 10 ( 4 .  3 7 )  
8 . 82 ( 3 . 4 7 )  
5 . 9 5 ( 2 . 3 4 )  
1 3 . 2 0  ( 5 . 1 9 )  
1 1 . 60 ( 4 . 5 7 )  
10 . 2 0 ( 4 . 0 3 )  
2 . 4 4 (0 . 9 6 )  
12 . 5 0 ( 4 . 9 2 )  
1 1 . 60 ( 4 . 5 7 )  
8 . 85 ( 3 . 48)  
4 3 . 9 ( 1 7 . 30 )  � 1 . 2 4 {-0 . 4 9 )  
4 5 . 0  ( 1 7 . 70)  4 . 0 7 ( 1 . 60)  
4 3 . 9 (1 7 . 30)  1 . 2 5 ( 0 . 4 9 )  
44 . 3  ( 1 7 . 40 ) 1 . 36 ( 0 . 5 3 ) 
4 3 . 5 ( 1 7 . 10) - 3 . 5 4 _ (- 1 . 3 9 )  
45 . 3  ( 1 7 . 80 )  2 . 8 3 ( 1 . 1 1 )  
4 3 . 4  ( 1 7 . 10)  1 . 2 5 ( 0 . 4 9 )  
44 . 1  ( 1 7 . 30)  0 . 1 8  ( 0 � 0 7 )  
4 4 . 0 ( 1 7 . 30)  - 3 . 5 4  (- 1 . 39)  
4 5 . 1  ( 1 7 . 80)  1 . 89 ( 0 . 7 4 )  
4 3 . 4 (17 . 10)  1 . 2 5  ( 0 . 4 9 )  
4 4 . 2 ( 1 7 . 40 )  -0 . 1 3 (- 0 . 05 )  
4 . 6 6 ( 1 . 8 3 )  44 . 8  ( 1 7 . 60)  - 3 . 5 5  ( - 1 . 40)  
1 7 . 20 ( 6 . 7 7 )  4 5 . 7 ( 1 8 . 00) 4 . 6 2 ( 1 . 8 2 )  
1 7 . 30 ( 6 . 8 1 )  4 5 . 3  ( 1 7 . 80)  1 . 2 5 ( 0 . 4 9 )  
13 . 00 (5 . 14) 4 5 . 3  (1 7 . 80) . 0 . 7 7  ( 0 . 30 )  
0Yields are expressed i n  t erms o f  grain a t  1 5  percen t moi s t ure . 
*Seasonal values based on d a t a  f rom May 15 to S eptember 16 . 
� 
'° 
irrigated only when the wind was low . High winds o ccas i onal ly caused 
irriga tions t o  be delayed . S inc e a center p ivot wou ld generally not 
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be  shut down at the wind ve locit ies which p rohib ited p lo t  i rrigat ion , 
the delays in p lo t  irrigat ion wer e  allowed to af f e c t  the t iming but no t 
the seasonal amount of irr igation . 
Treatment 5 C l  along with treatment s 5C2° and 6 C  received an i rri­
gat ion f requency o f  2 . 5  cm ( 1  in) every 7 days . A typ i cal mo is ture 
deplet ion curve is shown in Figure B 3 .  I t  can b e  s een that the mois­
ture level went b e low the 50 percent availab le mo is ture level and even 
went below the permanent wilting point in 19 7 5 . The y ie lds for these 
treatment s  as p res ented in Tab le 9 were lower than the yields for treat­
ment s  2C and 8C , but s t i l l  cons iderab ly h igher than the y ield for the 
dryland treatment .  
In all the corn treatment s ,  excep t dryland , the s o i l  moisture con­
dit ions were adequate for s ubs tantial  y ields . In 1 9 7 5  the irrigat ion 
was s t arted a l i t t le late b ut the dry month of Ju ly prob ab ly had more 
of an eff ect  on low mois ture level than the late irrigat ion s tart . Gen­
erally the yields decreased with decreas ing irrigat ion f r equencies , or  
in  other words a yield reduct ion could be  expected by us ing a center 
p ivot mach ine on two f ields . rather than one . 
The s o il mo is ture condit ion in the dry land alfal f a , treatmen t 3A , 
was very low .  Figure B 4  (Appendix B )  indi cates that the mo is ture level 
was below the p ermanent wilting point much of the g.rowing s eason . The 
mois ture condit ion was lowes t  in 19 7 3  and highes t in 19 7 5 . Tab le 10 
correspondingly ind icates the lowes t  dry land yield in 19 7 3  and the highest  
i n  197 5 .  The dry land s easonal evapot ranspiration indi cated in Tab le 10 
Table 10 . Seasonal Yield and Moisture Use Data for Alfalfa . 
De crea se 
Tot a l  average S e asonal in s o i l  
y i e ld 0  Seasonal* S easonal Seasona l evapot rans- moi s t ure 
1000 kg /ha rain f a ll irrigat ion d rainage p ir a t ion s t orage 
Treatment Ye ar ( t on s / ac r e )  c m  ( in )  c m  ( in)  c m  ( in) cm ( in )  c m  ( in )  
3A 19 7 3  4 .  8 1  ( 2  . 15 ) 20 . 8  ( 8 . 19 ) 0 (O )  0 ( O )  2 3 . 4  ( 9 . 2 1 )  2 . 49 ( 0 . 9 8 )  
19 7 4  5 . 4 2 ( 2 . 4 2 )  26 . 5  ( 10 . 40)  0 ( O )  1 . 10 ( 0 .  4 3 )  34 . 9  ( 1 3 . 70 )  9 . 50 ( 3 .  74)  
19 7 5  7 . 39 ( 1 . 30)  37 . 6  ( 14 . 80) 0 (O )  0 . ( O )  4 3 . 0  ( 16 . 9 0 )  5 . 38 ( 2 . 1 2 )  
Ave rage 5 . 87 ( 2 . 6 2 )  28 . 3  ( 1 1 . 10)  0 ( 0 )  0 . 37  ( 0 . 14 )  33 .  8 ( 13 .  JO� s .  79 ( 2 . 2 8 ) 
4A 19 7 3  10 . 20 ( 4 . 5 7 )  2 0 . 8 ( 8 . 19 ) 46 . 0  ( 1 8 . 10)  4 . 31  ( 1 . 6 2 )  59 . 4  ( 2 3 . 40)  - 3 .  35 (- 1 .  3 2 )  
1 9 7 4  12 . 20  ( 5 . 4 6 )  2 6. S  ( 1 0 . 40 )  40 . 6  ( 16 . 00)  8 .  20  ( 3 .  2 ·3 )  6 7 . 1 ( 2 6 . 40)  8 . 06 ( 3 . 1 7 )  
1 9 7 5  1 1 . 60 (5 . 1 7 )  3 7 . 6  ( 1 4 . 80 )  34 . 9 ( 1 3 .  70 )  10 . 20 ( 4 . 0 2 )  64 . 8  ( 2 5 . 5 0 )  2 . 49 · �  0 . 9 8 )  
Ave rage 1 1 .  30 (5 . 0 7 )  2 8 . 3  ( 1 1 . 10) 40 . 5  ( 15 . 90 )  7 . 5 1 ( 2 . 9 6 )  6 3 . 8 ( 2 5 . 10 ) 2 . 40 ( 0 . 9 4 )  
6A 19 7 3  9 . 8 3 ( 4 . 38)  20 . 8  ( 8 . 19 )  3 3 . 0  ( 1 3 . 00 )  0 (O ) 5 3 . '• ( 2 1 . 10 ) ' - 0 . 4 8 · (-0 . 19 )  
19 7 4  12 . 20 ( S . 46 )  2 6 . 5  ( 10 . 40) 35 . 6  ( 14 . 00 )  3 .  45  ( 1 .  36 ) 6 6 . 4 ( 2 6 . 10)  7 . 7 5  ( 3 . 05 )  
1 9 7 5  1 1 . 30 (5 . 02 )  3 7 . 6  ( 14 . 80)  2 4 . 8  ( 9 . 7 6 )  3 .  7 3  ( 1 . 4 7 )  6 1 . 2  ( 2 4 . 10)  2 . 49 ( 0 . 9 8 )  
Ave rage 1 1 . 10 ( 4 . 9 5 )  2 8 . 3 ( 1 1 . 10)  3 1 . 1 ( 12 .  20)  2 . 39 ( 0 . 9 4 )  6 0 . 3 ( 2 3 .  7 0 )  3 .  2 5  ( 1 .  2 8 )  
7Al 19 7 3  9 . 2 9 ( 4 . 14)  2 0 . 8 ( 8 . 19 ) 3 3 . 3 ( 13 . 10)  0 ( O) 5 3 .  9 ( 2 1 .  2 0 )  -0 . 2 2 (-0 . 09 )  
19 7 4  1 1 . 20  ( 4 . 9 9 )  26 . S  ( 10 . 40)  35 . 6  ( 14 . 00 ) 6 . 4 3 ( 2 . 5 3 )  6 4 . 8 . ( 2 5 . 50)  9 . 11 '  ( 3 . 5 9 )  
19 7 5  12 . 90 ( 5 . 7 6 )  37 . 6 ('14 . 8 0 )  2 7 . 3 ( 10 . 70 )  4 . 2 7 ( 1 . 6 82 6 1 . 2  ( 24 . 90 )  2 . 49 { 0 . 9 8 )  
Average 1 1 . 10 ( 4 . 96 )  2 8 . 3 ( 1 1 . 10)  3 2 . 1 ( 12 . 60)  3 . 5 7 ( 1 . 40 )  60 . 6  ( 2 3 . 90)  3 . 79 ( 1 . 49 )  
7A2 19 7 3  8 . 9 8 ( 4 . 0 1 )  20 . 8  ( 8 . 19 ) 30 . 5  ( 1 2 . 10)  0 (O )  5 2 . 1 ( 2 0 . 50 )  0 . 7 3  ( 0 . 2 9 )  
19 7 4  1 1 . 40 ( 5 . 06)  2 6 . 5  ( 10 . 40)  38 . 1 ( 15  • 10)  5 . 9 7 ( 2 . 35) 66 . 4  ( 2 6 . 10)  7 . 7 5  ( 3 . 05 )  
1 9 7 5  12 . 20 ( S . 4 3 )  37 . 6  ( 14 . 80)  2 7 . 3  ( 10 . 70 )  5 . 12 ( 2 . 0 2 )  6 2 . 3  ( 24 . 50 )  2 . 49 ( 0 . 9 8 )  
Ave rage 10 . 9 0 ( 4 . 83)  28 . 3  ( 11 . 10)  32 . 0  (12 . 60 )  3 .  70  (1 .  4 6 )  6 0 . 3 ( 2 3 . 70 )  3 . 66  ( 1 . 4 4 )  
BA 19 7 3  7 .  30 ( 3 .  2 6 )  20 . 8  ( 8 . 19 ) 18 . 0  ( 7 . 09 )  0 ( O )  40 . 4  ( 15 . 90)  1 . 55 ( 0 . 6 1) 
19 74  8 . 80 ( 3 . 9 3 )  .26 .  5 ( 10 .  40)  12 . 7 ( 5 . 00 )  3 . 39 ( 1 . 3 3 )  45 . 3  ( 1 7 . 80) 9 . 50 ( 3 .  74) 
19 75  10 . 20 ( 4 . 5 5 )  37 . 6  ( 14 . 80) 12 . 1  ( 4 . 7 6 )  0 (0 )  5 5  . 1  PL 70)  5 . 38 � 2 . 12 )  
Ave rag(! 8. 7 7  ( 3 .  9 1) 28 . 3 ( 11 . 10 )  14 . 3  ( 5 . 6 2 )  1 . 1 3  (0 . 44)  46 . 9  �18 . 50)  5 . 48 � 2 . 16) 
0Y1elds a r e  expressed in  t erms of d ry mat ter . VI � 
*Seasonal value� based on da t a f r om May 1 t o  September 2 7 . 
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als o increas ed with increased rainfall . I t  wou ld appear that the soil 
general ly had enough s t orage capacity t o  ho ld rainfall  and that this 
s t ored water was us ed in evapot ransp iration . 
The mois tur e  dep le tion curves f or treatment 4A , Figure BS , indi­
cate that dur ing all three year s  the moisture leve l was allowed to 
become very low near the beginning of the seas on . The only year , how­
ever , that the 2 . 5  cm ( 1  in) every 4 days i rr igat ion frequency was not 
able to b r ing the mois ture leve l back to near f ie ld capacity by mid to 
lat e  June was 1 9 7 5 . The s omewhat low mois t ure levels f or treatment 4A 
in June and J�ly o f  19 75  did not seem to adversely affect  the t o tal 
seas onal yields as ind icated in Tab le lO . The h igh s e as onal y ie lds in 
19 7 5 , however , could have been caus ed by the h igh rainf a l l  late in the 
season . Treatment 4A as well as some of the o ther t reatmen t s  also had 
irrigat ions larger than 2 . 5  cm (1 in) in June of 19 7 4  and 19 7 5 . These 
irrigat ions we re intended t o  help compensate f or the late irrigat ion 
s t art . 
The mo isture dep let ion curves for treatments 6A and 7Al are s imil ar 
to the mo i s t ur e  dep let ion curves f or treatment 7A2 shown in Figure B6 . 
The mo isture level of thes e t reatments , which rece ived 2 . 5  cm ( 1  in) every 
7 day s , was generally only slightly p oorer than the moi s t ure leve l of 
the 2 . 5  cm (1  in) eve ry 4 days treatment indicated in F igure BS . The 
y ields indicated in Tab le lO are corresponding ly only s l ight ly lower .  The 
dryes t year , 19 7 3 , had the lowest  yields as could �e expe cted . 
Treatment 8A was the treatment s imulat ing the s ituat ion where alf al­
fa is irrigated by a cent er p ivo t unt il about the f irs t o f  July . The 
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soil  mois ture dep le t i on curves shown in F igure B 7  ind i cate that the 
mois ture level was cons iderab ly bet ter than dryland unt il about mid-July , 
after whi ch i t  was ab out the s ame as the dryland leve l .  Bef ore early 
July , treatment 8C was b as i cally the s ame as trea tment 4A whi ch had an 
irr igat ion capaci ty o f  2 . 5 cm ( 1  in) every 4 days . The irrigation on 
these  p lo t s  generally d id not beg in ear ly enough . The mois ture s it uation 
could have been improved cons iderab ly in the e ar ly part of the growing 
seas on in 19 7 3  and 19 7 5  by s t arting the irr igat ion on an earlier date . 
In 19 7 5  the irrigat ion on treatment BA was con t inued s light ly longer 
than the ·management criteria pres crib ed so that the moi s ture leve l would 
be more nearly wha t it should have been if irrigat ion had b egun earlier . 
The low mois ture leve ls for treatment BA in the e ar ly p ar t  o f  the 19 7 3 
and 1 9 7 5  grow ing seasons d id not seem to have a maj or e f f e c t  on the 
yie lds p re sented in Tab le lO , however the high rainfall  in Augus t of 19 7 5  
may account f o r  s ome o f  the high yield ob tained tha t year . 
In general the average s easonal s o il mois t ure content o f  b oth the 
alf alfa and corn p lo t s  decreas ed as the amount of i r r igat ion de creased . 
The d rier c ondi t ions were usually re flec ted in lower s easonal evap o­
transpira t i on and in lower yields . Alf alfa y ields were not as s ens i t ive 
to low mois ture cond i t ions as the corn yields . The s o i l  generally ended 
the growing s eas on with s ome mo is ture dep leted f r om s t orage , and the 
amount dep le ted generally increas ed as the frequency of irrigat i on de­
creas ed . 
' The low mo is ture holding capacity of the shallow
. 
s oi l  caused a 
s it uation where the s o il  mo is ture could drop qu it e rap id ly from f ield 
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capacity t o  the permanent wilt ing point . Even with sys tema t i c  irriga­
tion the moi s t ure levels of  the plots f luctuated cons iderab ly as is 
indicated in the mo is ture dep letion curves (Appendix B ) . Low s torage 
capacity along wi th the be low normal rainf all was p rob ab ly one of the 
reasons f o r  the low dryland yields . The s t or age capacity of the s o i l  
was a l s o  probab ly one of the reas ons why there was cons iderab le drainage 
(Tab le s  9 and 10 ) . It is doub tful that such high y i e ld s  could have been 
maintained in this exper iment if  an i rr igation p o li cy that favored de­
crea�ed d rainage had been used . 
The cal culated seasonal va lues of evapot ransp irati on and the 
average treatmen t yields were used in a linear regres si on of y ield on 
evapotransp irat ion . The regres s ion curve for corn , p re s ent in Figure 
12 , is des c r ib e d  by the f o llowing equat ion : 
Y = - 8 .  2 5 + 0 . 350 ET 
where 
Equation 1 
Y = grain yield , 1000 kg /ha at 15% mois ture 
ET = calculated seasonal evapotrans p irat ion , cm 
There have b een other pub lished exper iments in wh ich crop y ie lds and 
evap otranspirat i on have been measured or es t imat ed . The expres s ions 
in Tab le 1 1  r ep r esent s ome of these relationships exp re s s e d  in terms of 
the s ame uni t s  ass ociated with Equat ion 1 .  
The re lat ionship derived in this research s eems t o  b e  comp arab le 
to the relat i onsh ips presented in Tab le ll . The regres s ion agrees mos t 
clos e ly with t he work done in I s rae l by Hillel and Guron ( 19 7 3 ) . Result s ·  
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Tab le ll . Corn Yield and Evap otransp iration Re lat ionships as De ter­






Re l at ionship S our ce 
= -10 . 2 4 + 0 . 37 2  ET Hille l and Gur on 19 7 3* 
= -3 . 0 3 + 0 . 2 31 ET S tewar t  e t  al . 19 7 5 °  
= -0 . 12 3  + 0 . 142 ET Rob ins and Domingo 19 5 3* 
= -3 . 9 9 + 0 . 2 6 2  ET Stewar t  and Hagan 19 7 3 °  
*The re lat ionsh ip s  ar e calculated from evapotranspiration and yield 
means p resen te d  in the respect ive ar t i c les . 
0The relat ionships are the equat ions pres ented in the ar ticle s  con­
verted t o  t he units  us ed in this res earch . 
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19 7 3 )  agree quite wel l  with each other . The agreement �ould b e  expec ted 
s ince the crops we re grown in s imilar soils and climates at the Univer-
s ity of Cal i f o rnia at Davis . As suming that the yield s  ar e approximat ely 
the s ame magni tude or are clus tered in approximately the same manner , 
a lit t le f la t ter s lope would mean a higher in tercep t , which is  app arent ly 
the d ifference between the Davi s relat ionships and the re lati ons hips 
ob tained in this research and in the Hillel and Guron r es earch . The 
equat i on based on the Rob ins and Domingo ( 195 3) d at a  appears to be quite 
different from the res t . The relationship was based on data where s evere 
moisture s tres s e s  were app lied at specific  growth s t age s . If  a s evere 
stress is imp os ed at  a crit tcal s t age , there may be a l ow y ie ld and yet 
a relat ively high s eas onal evap otranspirat ion . Th is may b e  one reas on 
why the curve i s  les s  s t eep or is not as s ens i t ive t o  evap o transp irat ion 
as the o ther e quat ions ind icate . 
The dat a p o ints  for the corn reg res s ion tended t o  be  quit e  clus ­
tered , with a l l  b u t three of the evapotranspirat ion values in 40 to  
5 7  
50  cm ( 15 . 7 t o  19 . 7  in) range . The s teep s lope o f  t h e  p redict ion 
equat ion together with the clus tered points gave a fai rly h igh cor­
re lat ion ( R2 = 0 . 82 ) even though there was cons iderab le yield varia­
t ion within the 40 to 50 cm evap otranspiration range . The predict ion 
equat ion f o r  corn does not appear to accurate ly repres ent the yield 
throughout the ent ire 40 to 5 0  cm evap otransp irat i on r ange . I f  the 
pred i c t ion equat ion is to be us ed to es timate y ie lds an es t imate of 
evapotrans p irat ion mus t  f irs t be made . Inasmuch as mos t  of  the trea t­
ments cons idered in this study have es t imated evapo transp irat ions in 
this r ange , there may b e  some error if the predi c t i on equat ion is  used 
to ob tain y ield estimates . S ince the treatments s imulated the actual 
management s chemes tha t were being investigated it  is  b e lieved that 
us ing the experimental treatment means f or yield es t imates in the s ub­
sequen t economic analys is will be more accura te than us ing yield es t i­
mates ob tained from the prediction equation . 
A linear regress ion analys is was als o perf ormed on the average 
seas onal a lf a lf a yield data and the calculated seasonal evapo transp ira­
ti on dat a .  The regre s s ion curve i s  p lotted i n  Figure 1 3 . The f o llowing 
predict ion e quat ion was derived from the analysis : 
Y = - 0 . 138 + 0 . 184 ET Equat ion 2 
wher e  
Y = Seasonal dry ma tter yield , 1000 kg /ha 
ET = S easonal evapotransp iration , cm 
Inves t igat ions c onduc ted by other res earchers led t o  the re lationships 
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Figure 13 . L inear Re gres s i on o f  Seas ona l Al falfa Y i e ld on 
Seasona l Evap o t r ansp ira t i on .  












Tab le l2 . Alf a lfa Yield and Evapo tr ansp irat ion Re la tionship s as De ter­




Re lat ionshiE S our ce 
= -0 . 02 8 + 0 . 19 ET Bauer et al . 19 7 4+ 
= 2 . 4 + 0 . 1 7  ET S tewar t and Hagan 1969  ( 19 10- 19 15 res ear ch) 0 
= 4 . 9  + 0 . 15 ET S tewart and Hagan 19 69 ( 19 6 2  resear ch) 0 
+The r e la t i on ship was calculated from evap ot ransp iration and y ield 
means pre s en ted in the article . The p oint ( 0 , 0 )  was also assumed 
to b e  a d at a  po int . 
0 The rela t i on ships are estimated from figures presented in the 
ar t i c le . 
As w ith the  corn data , the a lf alfa relat ionship ob tained in this 
resear ch s eems to be comparab le to the relationships p resented in Tab le 
12 . The equa t ion ag rees mos t  closely with the Bauer ( 19 7 4 )  relationship . 
Bauer conduct e d  his research in the Wes t Oakes I rr igat ion Dis trict in 
Nor th Dakot a  so the climatic  cond itions were somewhat s imi lar to the 
cond i t ion s  in this experiment . As was the s i tuat ion with the corn , the 
· two alf alfa  r el a t ionships from Davis , Calif ornia ( S t ewar t  and Hagan 
1969) agree quit e  c los e ly with each other but they are s light ly dif ferent 
from the r e la t i onships ob tained at other s i tes . The p o s i t ive intercep t 
of the two relationsh ip s may indicate tha t the crops were g rown at  
mo isture leve ls  near or above the levels that wou ld lead t o  maximum 
evapotran s p irat ion and maximum product ion . For a given increment of 
evapotransp irat i on the incremen tal yields at high mois t ure leve ls , near 
maximum produ c t ion ,  may not be as high as the increment al y ie lds re-
sulting at a lower mo is ture leve l .  An effect s uch a s . this wou ld tend 
to decreas e the s lope and increase the intercep t of a l inear re lat ionship . 
I 
This factor a long w .i.th t he assump t ion that the in tercep t shou ld be  
zero indicate that a curvi linear relat ionsh ip may b e  appropriate f or 
the Davis data . 
The alfalfa data in this res earch have a high corre lat ion (R2 = 
0 . 9 3) with a linear relat ionsh ip . The predict ion equat ions of  both 
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this resear ch and Bauer ' s  resear ch have an intercep t whi ch is very close 
to zero . The two s lop es o f  the two equat ions are als o approximately 
equa l . Thes e  two f actors support the theory that , at least f or f irst 
order results , a lf a lfa yield is directly prop ort ional to  evapotranspira­
tion . Although the alf a lfa regress ion had a highe.r correlat i on than 
the corn data it was again decided to use the means of the res pective 
treatments  for e s t imates of y ield in the following e conomic analys es 
rathe r than the pred ict ion equation .  
A sunnnary o f  the yield estimates based on trea tment means i s  pre­
sented in Tab le 13 . If there were no s t atist ical dif ferences among 
the y ie lds o f  d if f erent t reatments , the yields were e s t imated by an 
average of the means . 
Thus f ar two b asic types of product ion funct ions have b een pre-
sented .  A p roduction f unct ion def ines a relat ionsh ip b e tween crop 
yield and some variab le . The f irs t type of product ion funct ion related 
yield to a continuous var iab le , which was evapotransp irat ion in this 
case (Equat ions 1 and 2 ) . The se cond type of product i on f unc tion re­
lated yield t o  a dis cre te variable . The dis cre te var iab le cons is ted 
of  the ind ividual management s chemes (Tab le 13) . Although b o th types 
of func t ions can be u sed to e s t imate yields , the se cond type was used 
• •  
. Tab le 1 3 .  Es t imated Y ields for Given Management S chemes . 
Yield 
Corn ° Alf alfa=f 
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Management S cheme 1000 kg/ha (bu / acre) 1000 kg/ha ( tons / acre) 
One center p ivot us ed 8 . 40 ( 133)  1 1 . 10 
on one f ie ld 
One center p ivot use d  6 . 80 ( 108 ) 11 . 10 
on two f ie lds  
Alf alf a irrigated unt i l  8 . 7 7  
the end of June 
Corn irr igated af ter 8 . 40 ( 133)  
the end o f  J une 
Dry land 0 . 6 6 ( 10)  5 . 87 
° Corn yield expressed in terms of grain at  15% mo is ture . 
+Alfalfa yield expressed in terms of dry mat ter . 
for the subs equent  economic analysis . 
Economic Inves t i gat ion 
( 4 . 9 5 )  
( 4 . 9 5 )  
( 3 . 9 1 )  
(2 . 62 ) 
The e conomic s tudy cons ists  bas ically of us ing yield e s t imates as 
well as o ther f ac tors particular to individual management s chemes t o  
determine annual cos t s  and annual returns . S ome o f  the cos t and return 
values used in the ana ly ses are lis ted in Table 14 . The values are 
based on the inf ormat i on lis ted in Appendix A .  
Tab le 1 5  summar izes exper imental data a s  we ll as s ome fundamental 
inferences based on t he data and the previous as sump t ions . The seasonal 
irrigat ion dep th ,  number of irrigat ions and number of moves are based on 
Values that were observed in the field experiment . Expe cted yields are 
based on t reatmen t me ans and on the s tat is tical analy ses as p resented in 
Table 14 . As s umed Cos t . and Return Inf ormat ion . 
I tem 
Ele c t r icity 
We l l 0 and cas ing 
Pump , mot or and p anel 
Center p ivot machine 
Mainline 
Extra p ivot pad 
Lab or 
Pr ice of corn°  
Pr ice of alf alf a+ 
° Corn a t  15% mo is ture . 
Cost 
$ 12 . 7 0 /mea sured kw ( $ 9 . 5 0 /measured hp ) -­
s tandby 
$0 . 019/kw-hr-- service 
$ 164/m ( $ 5 0 / f t )  
$ 7 700-56  kw ( 7 5  hp ) 
$8000- 7 5  kw ( 100 hp ) 
$ 3 2 , 900 
$ 8 . 40/m ( 2 . 6 0 / f t )  plus $ 30 0  f or going int o  
or coming out o f  ground 
$ 350 
$ 3 . 2 5 /hr 
$9 8 . 2 0 / 1000 kg ( $ 2 . 5 0 /bu)  
$55 . 0 0 / 1000 kg ( $ 5 0 / t on )  
+Alfalfa p rice s t ated i n  terms of alfalfa  at 12 %  mois ture . The_ 
p r ices in t e rms of dry matter are $ 6 3 . 7 0 / 1000 kg ( $ 5 7 . 9 0 / ton) . 
6 2  
• 





scheme Field l* Field 2 Total 
Corn 
Dry land 
Tmt . lC 
Corn 
l C . P . / l  f ield 
Tmt . 2C 
33 . l  
( 1 3) 
Corn-corn 28 . 5  
1 C . P . / 2 f ie lds ( 1 1 . 2)  
Tmt s . 5Cl , 5C2 
Alf a l f a-corn 31 . 1  
1 C . P . /2 f ie lds ( 12 . 2) 
Tmt s .  6A , 6C 
Alfalfa- alfalfa 32 . 0  
1 C . P . / 2 f i e lds (12 . 6) 
Tet e .  7Al , 7A2 
A l f a lfa 40. 5 
1 C . P . / l f ield ( 15 . 9) 
Tct . 4A 
Alfalfa  
Dry land 
Tmt . 3A 
Alfa lfa (early) 
- c o rn ( late) 
1 C . P . / 2 f ie ld s  
Tmt s .  SA , 8C 
14 . 3  
(5 . 6) 
28 . 5 . 
( 11 . 2) 
2 8 . 9  
(11.  4) 
32 . 0  





33 . l  
( 1 3) 
5 7 . 0  
(22 . 4) 
60 . 0  
( 23 . 6) 
64 . 0  
(25 . 2) 
40 . 5  
( 15 .  9) 
0 
4 7 . 6  
(18 .  7) 
No. of No. of Labor involved 
irrigations moves in moving++ 
0 0 0 
13 0 0 
22  22 220 
24 22• 220 
25 ·2 5  250 
16 0 0 
0 0 0 
19 2 20 
Total Length of 
operating Power mainline 
Hours head requirements required 
� m � m 





1480 . .  
1175** 
0 












( 2 70) 
59 . 7  
( 80) 
74 . 6  
( 100) 
74 . 6  
(100) 
74 . 6  
( 100) 
59 . 7  
( 80) 














Field l *  Field 2 
0 . 66 
( 10) 
8 . 40 
( 1 33) 
6 . 80 
( 108) 
11 . 10 
(4 . 9 5)  
11. 10 
( 4 . 95) 
11. 10 
( 4 . 95) 
5 . 87 
(2 . 62 )  
8 .  7 7  
( 3 .  9 1) 
6 . 80 
( 108) 
6 . 80 
( 108) 
11 . 10 
( 4 . 95) 
8. 40 
{133) 
*In alfa lfa-com cropping combinat ions Field l is alfalfa,  Field 2 is cont. 
++io man hours per move . 
Arhe head is based on 53 m (175 ft )  pressure at the pivot , 26 m (85 ft) lift and either l m (3. 3 ft) head loss for 3 . 0  m3/min or 3 m ( 10 ft) 
h e ad loss f or 3 . 8 m3/min f lowing through 400 m o f  main l ine . 
6�Power requ iremen t s  are based on a pump efficiency of 807. and a motor efficiency of 95% plus an addit ional 7 . 46 kw ( 10 hp) to run the 
system .  
+rhe yie ld i n  pa renthesis is represen ted in  Tons /acre for  alfalfa and Bu /acre for  corn. All yields reported as  dry matter for  alfalfa,  
grain at 15%  for corn. 
•rhe a lfalfa is assumed to be irrigated twice before the system is moved to the corn. 
• � P um p i ng rate i s  3 . 0  m3/min (BOO gpm) . The pump motor s ize required is �t least 49 kw (66 hp) . 




Tab le 13 . 
Es t ima t ed annual f ixed cos ts  are presented in Tab le 16 . The orig­
inal inves tment cos ts came from the estimates lis ted in Tab le 14 . Es t i­
mat ed l ives of the variou s component s are based in p ar t  on the es t imates 
presented in o ther re ferences (Turne r et al . 19 7 1 , Kerr 1975 , S tegman 
19 7 5 ) . The annual f ixed cos t s  do not include int eres t for original land 
inves tment nor any real estate taxes other than increase s  due t o  the 
inc reased value of irrigated land over dryland . 
The annual p roduct ion costs , lis ted in Table 17 , are es timates by 
the author based on inf ormat ion from Pahl ( 19 7 6 ) . Production cos ts ·are 
est imates of expenses that would be incurred by the management as so­
ciated with p rodu ct ion of the y ields e s t imated in the exper iment .  The 
costs als o ref lect the prices in the general geographic  locat ion of the 
experiment .  
Tab le 18  rep resents  a gene ral summary· of  all the costs and returns 
for the various management s chemes . The e lect rical cos ts  were calculated 
on the basis of a s tandby charge and a charge for the p ower consumed . 
The s t andby and s ervice charge is a typi cal b il ling p olicy f or power 
utilit ies in S outh Dakota . · The addit ional lab or charge s  are cos t s  that 
are · due t o  the increased lab or invo lved in moving a sys t em.  Total annual 
cos t s  cons i s t  of electrical cos ts , annual f ixed cos ts , annual product ion 
cos t s  and addit ional labor cos ts . The re turn to land and management is 
the expected gross return , based on the commodity prices lis ted in Tab le 
14 , minus the t o ta l  annual cos t s . These re turns again do not include 
cos t s  associated with land values . 
• 
Tab le 16 . Annual Fixed Cos ts for Given Irrigation Management Schemes . 
Added Added 
real interest 
.Insur- Personal es t a te on land Total 
Well0 and cas ing Pump, motor, pane l  Center pivot machine Mainline+ ance property tax* inves tment costs 
Man agement 
s cheme 
Initial Li f e  Annual Init ial Li fe Annual Initial Life Annual Initial Life Annual on tax on Sub- per ha per ha** per ha 
cos t yrs .  cost* cost yrs .  cos t* cost yrs .  cos t++ cost yrs . cost++ c .)?. __ _  C . P_._·�-�-1!l_l_�l'.' acre) (per acre) {per acre) 
Corn 
Dry land 
Tmt . lC 
Corn 5000 
1 C . P .  / l f ield 
Tmt . 2C 
Com- corn 5000 
l C . P . / 2 fie lds · 
Imt s . SCl.  5C2 
Alfalfa-com 5000 
1 C . P .  /2 fields 
Tmt s .  6A, 6C 
A l f a l f a-alfalfa 5000 
1 C. P . / 2 f ie lds 
Tln t s .  7Al , 7A2 
A l f a l f a  5000 
1 C .  P . / l f ie ld 
Tmt . 4A 
Alf a l fa 
Dry land 
Tmt . 3A 
Alf a l f a  (early) 
-corn ( l ate) 5000 
l C . P . /2 f ie lds 













20 840 32 , 900 15 4080 0 
20 880 32 ,900 15 4080 8110 
20 880 32 , 900 15 4080 8110 
20 880 32 , 900 15 4080 8110 
20 840 32 , 900 15 4080 0 
20 880 32 , 900 15 4080 8110 
0We l l  is assumed to be 30 . 5  m (100 f t ) deep . 






















2 . 50 
( l . 00) 
2 . 50 
( 1 . 00) 
2 . 50 
( 1 .  00) 
2 . 50 
( � . 00) 
2 . 50 
( 1 . 00) 
0 
2 . 50 
(l . 00) 
�ainl ine cos t s  include going into and coming out of ground 3 times p lus the cost of an extra pivot pad at $350 . 
0 0 Eased on approximately 1 . 2 5 percent o f  the cost of  a new center pivot . 






























**Land that is irrigable is assumed to be wor th about $500/ha ($200/acre) more than otherwise equal dry land that is not· irrigated . Added interest 
is f igured at 9 pe rcent of the increase in value. 
A Based on 52 . 6  ha (130 acres ) . 
fJ1 Baaed on tvo 52 . 6  ha (130 acre) tracts .  
°' 
U'1 
Table 17 . Annual Product ion Cos ts  for Irrigated and Dryland Fields . 
Field operat ing cos ts 
Fe r t i l iz e r  
Weed a n d  ins e c t  control 
Seed 
Ir r i gat ion sys t em repairs 
· Crop insurance* 
6i. capi tal charge on above0 
S ub t o t al 
F ixed machinery 
Labor-+.-
Mis ce llaneous overhead 
Total 
Co rn 
Dryland6. I r r iga t e d  
$ /ha ( $ /acr e )  $ /ha ( $ /acre) 
2 6 . 00 
2 7 . 00 
1 1 . 00 
20 . 00 
0 
6 . 00 
s . oo 
9 5 . 00 
32 . 00 
20 . 00 
7 . 50 
154 . 5 0 
( 10 . 50)  3 2 . 00 ( 13 . 00) 
( 11 . 00)  12 3 . 50 ( 5 0 . 00) 
( 4 . SO)  30 . 50 ( 12 . 50)  
( 8 . 00) 37 . 00 ( 15 . 00)  
(0)  5 . 00 ( 2 . 00 )  
( 2 . 50)  12 . 50 ( 5 . 00)  
( 2 . 00)  14 . 50 ( 6 . 00) 
( 38 . 5 0) 2 55 . 00 ( 103 . 50)  
( 1 3 . 00) 39 . 50 ( 16 . 00) 
( 8 . 00) 25 . 00 ( 10 . 00) 
( 3 . 00) 7 . 50 ( 3 . 00) 
( 6 2 . 50)  32 7 . 00 ( 132 . 50) 
Alfalfa 
Dry land 
$ /ha ( $ /acre) 
Irriga ted 
$ /ha · ( $ /acre) 
2 8 . 00 ( 11 . 25)  42 . 00 ( 1 7 . 00) 
30 . 25 ( 12 . 25 )  6 0 . 50 ( 2 4 . 50)  
0 (0)  0 (O)  
8 . 50 ( 3 . 50 )  8 . 50 ( 3 . 50)  
0 (O) 5 . 00 ( 2 . 00 )  
0 (O) 0 (0) 
3 . 75 ( 1 � 50) 7 . 00 ( 2 . 7 5 )  
70 . 50 ( 2 8 . 50)  12 3 . 00 ( 49 . 75 )  
37 . 00 (15 . 00) 37 . 00 ( 15 . 00) 
32 . 00 ( 1 3 . 00) 48 . 00 ( 19 . 50)  
7 . 50 ( 3 . 00)  7 . 50 ( 3 . 00 )  
147 . 00 (59 . 50)  2 15 . 50 ( 8 7 . 2 5 )  
*Crop ins urance o n  corn is b ased o n  enough ins1 1rance a t  a rate of 4 percent to cover the operating 
cos t s . Crop ins urance on alfalfa is g enera ll? not carried . 
0 The 6 pe rcent cap i t a l  charge is - b ased on a 9 per cen t  annual rate for 9 mon ths . 
�abor d oes not include labor req uired t o  move the sys tem. . 
A cos ts are b as ed on the management assoc iated with an . expected yield of 2500 kg /ha (40 bu/acre) . °' 
a-
Tab le 18 . Summary of Costs  and Re turns for Given Irrigation Management S chemes . *  
Annual 
f ixed 
ElectricitI costs1 s •  cos t s+ 
Management Ser- S tand- $ /ha $ /ha 
scheme vice b:t'. Total ��/acre) �$ /acre� 
Corn 0 0 0 0 0 
Dry land 
Tmt . lC 
Corn 1090 760 1850 35 . 20 162 
l C . P . / l  field ( 14 . 20) (66) 
Tmt . 2C 
Corn-corn 1870 950 2820 26 . 80 115 
1 C . P . /2 fields ( 10 . 80) (46) 
Tmts . 5Cl. 5C2 
Al f a l fa-corn 1960 950 2910 2 7 . 60 115 
1 C . P . /2 f ie lds (11 . 20) (46) 
Tmt s . 6A, 6C 
A l f a l f a-alfalfa 2100 950 3050 29 . 00 115 
1 C . P . /2 f ields (11.  70)  (46) 
Tmt s .  7Al. 7Al 
Al falfa  1330 760 2090 39 . 70 162 
1 C . P .  /l field ( 16 . 10) (66) 
Tmt . 4A 
Al f a l f a  0 0 0 0 0 
Dry land 
Tmt . 3A 
Alf a l f a  (early) 
-corn ( late) 1560 950 2510 23 . 90 115 
l C . P . /2 f ields (9 . 60) (46) 
Tmts .  SA. ac 
Annual cost of 2roduction1 $X Additional Total 
Average labor annual 
Field l cost costs1 �** cos ts6� 
Field Field and $ /ha $/ha $ /ha 
l 2 f ie ld 2 ($/acre) Total ($/acre) ($/acre) 
8 , 125 -- 8 , 125 154 0 0 151. 
(62) (62) 
11 . 200 --·- 17 , 200 327 0 0 524 
( 132) ( 2 12)  
17 . 200 11 . 200 34 , 400 327 7 15 6 . 80 476 
( 132) ( 2 . 75) ( 192) 
11 , 300 1 1 . 200 2 8 , 500 27 1 715 6 . 80 42Q 
( 110) (2 . 75 ) (170) 
11 , 300 1 1 . 300 2 2 , 600 215 810 1 . 10 367 
(87)  (3. 10) (148) 
11 , 300 -- · 1 1 . 300 215 0 0 417 
(87) (169) 
1 . 100 - 1 . 100 146 0 0 146 
( 59) (59 )  
11, 300 17 , 200 28, 500 2 7 1  6 5  0 . 60 410 
( 110) (0 . 25) ( 166) 
Ex2ected gross return1 $ 0 0  
Average 
Field 1 ret urn 
Field Field and $ /ha 
1 2_ f ield 2 ($ /acre) 
3 , 250 --- 3 , 250 62 
( 2 5) 
4 3 . 300 -- 4 3 , 300 82 3  
( 3 3 3) 
35 . 100 35 , 100 70 , 200 667  
(2 70) 
37 , 300 35 , 100 72 , 400 688 
(2 7 �) 
37 . 300 3 7 , 300 74 , 600 709 
(287)  
37 , 300 -- 3 7 , 300 709 
(287) 
19 . 800 -- 19 , 800 375 
( 152)  . 
29 , 400 43 , 300 7 2 , 700 690 
(279) 
* S l ight d i f ferences in comparisons of the values expressed in terms of hectares and acres are due to rounding, 
0 Based on hours of pumping and power requirements l is ted in Table 15 alon� with the electrical rates listed in Table 14.  
+F ixed cos t s listed in Table 16, 





















( 11 3) 
**Based on the hours needed to move the machine (Table 15) at $ 3 . 2 5  per hour . 
6lEs t imated. cos ts do not include any cos t s  due to interest on the land i nvc�stment or real estate taxes other than the added taxes of irrigated land 
ove r dry land .  
• • Based o n  1 30 acres per field , t h e  yield data from Table 1 5  and the price data from Table 14 . 
++a.eturn is expected gross return minus total annual costs , which do not include land costs .  
0\ 
""-J 
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The return t o  land and management co lumn of !ab le 18  b as i cally 
shows the type of inf ormat ion , at one commodity price level , that may 
be us ed t o  evaluate the dif f e!ences between cer tain i rr igat ion manage­
ment s cheme s . The r eturn to land and management values will b e  quite 
sus cep t ib le t o  chang ing p rice leve ls , however , the d i f f erences between 
the re turns of the vari ous management s chemes will probab ly not b e  
affec ted as much b y  the changing pr ice leve ls a s  the ac tual r eturns . 
For examp le , i f  the pr ice of elec tricity should increas e by one-half , 
the re turn t o  land and management would be $ 2 8 1 /ha ( $ 11 4 / acre)  for the 
corn ( one cent er p ivo t per one f ield) management s cheme and $ 1 7 8 /ha 
( $ 72 /acre) f or the corn- corn (one center p ivot per two f ie lds ) manage-
ment s cheme . The average reduction in re turn would b e  $ 15 /ha ( $ 6 /acre) . 
The orig inal difference be tween the two s chemes was $ 10 8 /ha ( $ 4 4 / acre) 
while it  wou ld now be $ 103 /ha ( $ 4 2 / acre) . By chang ing a pric� leve l ,  
the re turn t o  land and management changed by an average o f  $ 15 /ha 
( $ 6 /acre) wh ile the d if ference be tween two management s chemes · only 
changed by $ 5 /ha ( $ 2 /acre) . 
Data that could be used to estimate annual cos t s  f or management 
schemes s imi lar to the s cheme s investigated in this research were also 
pre sent ed by S tegman ( 19 7 5 ) . S tegman investigated the use o f  one center 
pivot on up to three f ield s . If one uses S tegman ' s  e s t imates o f  sea­
sonal irrigation and the numbe r of sys tem moves in an analy s i s  s imi lar 
to the one p resented in Tab le 18 , another set of annual c o s t s  is derived 
(Append ix E ) . S tegman ' s  work , which was done on a deeper soil , indi­
cated tha t the y ield s  were not reduced by us ing a center pivo t machine 
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on more than one f ield . Thus , any dif ferences in annual co s t s  would 
als o represent the relat ive gain in return be tween the respec t ive man­
agement s chemes . Us ing S tegman ' s  raw data , the annual cos t reduction 
f rom us ing one cen ter p ivot on one field compared to us ing one center 
pivot on two f ie ld s  of the same crop was approximately $ 5 0 . 0 0 /ha ( $ 2 0 . 30/  
acre) f or b o th corn and alfalfa . The values ob t ained in this research 
were app roximate ly $ 48 /ha ( $ 19 . 5 0 /acre) for corn and $ 5 0 /ha ( $ 20 . 5 0 /  
acre) for alfalf a .  A s  can b e  seen , the differences in annual cos t s  
based o n  S t egman ' s  d a t a  are ext remely close to the d i f f erences based on 
the data from this  research . 
The re turns t o  land and management thus far have been calculated on 
the bas i s  o f  only one commodity pr ice leve l .  S ince the commod ity price 
levels t end t o  f lu ctuate more than the price levels f o r  equipment , p ower 
and l abor , the re turns to land and management were calculated at addi­
tional commod i ty p r i ce leve ls . The return to land and management at the 
. var ious commod i ty p r ices are present ed in Tab le 19 . The price ranges 
vary from $ 7 8 . 6 0 / 1000 kg to $ 117 . 9 0 / 1000 kg ( $ 2 . 00 /bu to $ 3 . 0 0 /bu) for 
corn and f r om $ 4 4 / 1000 kg to $ 6 6 /1000 kg ( $ 4 0 / ton t o  $ 6 0 / t on) f or alfalfa . 
Figures 14 , 15 and 16 graphically indicate the var iations in return 
for the dif ferent management s chemes . The f igures are based on the 
values listed in Tab le 19 . When only corn is grown , Figure 14 shows 
that the gre ate s t  return to land and management , f or the c ommodity 
prices cons idered , is  obt ained by us ing a management s cheme where one 
center p ivot machine is used to irr igat e one tract o f .
l and . The reduc­
tion in annual c o s t s  per unit area , due to the smaller ini tial inves tmen t 
Ill 
Tab le 19 . Re turn to Land and Management at Given Commodity Price Levels . +  
Re turn t o  Land and Manageruent,0 $/ha ($/acre) 
Corn Alf alfa Corn Alfa l f a  Corn Alfalfa Corn Alfal fa Corn Alfalfa  Corn Alfalf a  Corn Alfalfa Corn Alfalfa Corn Alfalfa 
7 8 . 60 44 78 . 60 55 78 . 60 66 98 . 20 44 98 . 20 5 5  98 . 20 66 117 . 90 44 117 . 90 55 117 . 90 66 





Tmt . lC 
Corn 
1 c. p .  / l f ield 
Tmt . 2C 
Com-corn 
1 C . P . / 2 f ie lds 
Tmt e .  SCl, 5C2 
Al falfa-corn 
l C . P . / 2 f ields 
Tmt s .  6A, 6C 
Alfa lfa-alf a lf a  
1 C . P . / 2 f ields 
T'mt s .  7Al , 7A2 
Al falfa  
1 C . P . / l  f ield 
Tmt . 4A 
Al f a l f a  
Dry land 
T:nt . 3A 




1 C . P .  /2 f ie lds 
Tl:nts . 8A, SC 
� ( 2 . 00 � ) ( 2 . 00 � ( 2 . �  � ) ( 2 . 50 
ton bu ton bu ton bu ton bu 
�) ( 2 . 50 � ) , 3 . 00 �) ( 3 . 00 
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Slight differences in comparisons of the values expressed in terms of hectares and acres are due to rounding . 
•The alfalfa prices list ed in the heading are for hay at 12% moisture. I>ry matter prices for alfalfa are $50. 90 , $63. 70 and $76. 40/lOOOkg 













�$ 7 8 . 6 0 / lOOOkg ( $ 2 . 00 /bu) 
$ 9 8 . 2 0 / lO OOkg ( $ 2 . 50 /bu) 










B - 100 
-50 � 
Dry land 1 Cent er Pivot 
on 1 Fie ld 
1 Center P ivot 
on 2 Fields 
Figure 14 . Re turns for  Management S chemes Where On ly Corn 





� $ 4 4 / lOO Okg ( $ 40 / ton) 
,, $ 5 5 / lOOOkg ( $ 5 0 / t on ) 





1 Center Pivot 1 Center  P ivo t Dry land 
on 1 Fie ld on 2 Fields 
Figure 15 . Re turns f or Management Schemes Where On ly Al fa lfa 
Is  Gr own . 
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Figure 16 . Re turns for the Management S chemes Where Both . Alfalfa and Corn Are Grown (One 

































for one c enter  p ivo t per two f ields over one center p ivot per f ield , 
was not enough to off  s e t  the reduct ion in return due t o  the de creased 
yield s  associated with dual f ield management .  The increase in re turn 
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from the management s cheme where one center p ivot is us ed on one f ield 
over that wher e  one c enter p ivot is used on two fields ranged f rom $ 75 
to $ 10 8  to $ 1 3 7  p e r  hectare ( $ 30 t o  $43  to $55 p e r  acre)  as the com-
modity price increased over the three levels cons id ered . 
Generally dryland corn is no t grown in the c lima t i c  and s oil con-
dit ions ass o ciat ed with the experimental area . Thus the negative re turn 
for this management s cheme does not represent  a common s ituat ion . 
The various re turns for the management s chemes where only alfalfa 
is g r own are ind icated in Figure 15 . As can b e  s een in this f igure , 
regardless of  the alfalfa pr ices cons idered , the greates t re turn to 
land and management comes from the s cheme where one center p ivot is 
used on two f ie ld s . S ince the alfalfa yields for one center p ivot us ed 
· on one field and one cent er p ivot us ed on two fields were e s s entially 
the same , the reduct ion in annual cos ts per uni t  area f o r  the one cen-
ter p ivot on two f ields management scheme was als o the relat ive increas e 
in r eturn f o r  that s cheme . The increase in return of  the s cheme where 
one cente r  p ivo t i s  used on two f ields over the s cheme where one center 
pivot is us ed on one field was $50 /ha ( $ 2 1/acre) f or all three p rice 
levels . The increas e in re turn f rom the management s cheme where one 
center p ivot is used on two f ields over the dry land s cheme ranged f rom 
. . 
$46 to $ 11 3  t o  $ 180 per hectare ( $ 19 to $ 46 to $ 7 3  p e r  acre) as the 
price leve l  increased over the three levels cons idered . The increas e  
in re turn from us ing one center p ivot on one f ield over dryland would 
be $50/ha ( $ 2 1 /acre)  les s  than the increases pres ented above . 
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For example , at the middle price leve l the increas e in r e turn from 
one center p ivot on one f ield over dryland wou ld b e  $ 11 3 /ha ( $ 46 /acre) 
minus $ 5 0 /ha ( $ 21 / acre) or $ 6 3 /ha ( $ 2 5 /acre) . The r e turn f rom the dry-
land s cheme is about equal to the· re turn from the one c enter p ivot on 
one f ield s cheme at the lowest  alfalfa price leve l . 
The two s chemes where both corn and alfalfa are grown are compared 
in Figure 1 6 . I t  can be seen that there i s  generally not  much dif fer-
ence b etween the two s chemes . Where there i s  a low alfalfa commodity 
price , the highes t re turns are achieved with the alfalfa ( early) - corn 
( late) s cheme . This s cheme is s lightly b iased towards corn produc tion 
s ince the sys t em spends mos t  of  the growing season on the corn . When 
the pr ice of corn is low and the pr ice of alfalf a is high the alfalfa-
corn s cheme g ives s light ly higher returns . At the h igher prices  for  
corn , the a lfalf a (early) - corn ( late) scheme gives a s light ly higher 
re turn than the alf alf a- corn s cheme . 
In the cost and re turn analyses a capacity o f  3 . 8 m3 /min ( 1000 gpm) 
was assumed f or b o th the corn ( ear ly ) - alfalfa ( late)  and the a lfalfa­
corn management s chemes . This capacity was such that 2 . 5  cm ( 1  in) of  
water could b e  app l ied every 3 . 5  days although the alfalfa ( early ) -
corn ( late)  s cheme on ly assumed an applicat ion frequency o f  4 days . 
The 4 day f requency could be at tained with a capacity o f  3 . 0  m
3 /min 
(800 gpm) . The higher capacity was as sumed for this s cheme s ince an 
irrigator wishing to grow b oth corn and alfalf a would p robab ly want the 
op tion of  us ing ei ther management s cheme . The on ly d i f f erences in 
cos ts  ass ociated with the higher capacity assump t ion are in the pump , 
motor and pane l and the differences amount to les s than $ 0 . 5 0/ha/year 
( $0 . 2 0 /acre/year) . 
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Thus f a r  t h e  op t imal ret urns have been compared in Figures 14 , 1 5  
and 1 6  f or management op t ions where alf alf a is grown , where corn is 
grown or where b oth corn and alfalf a are grown . F i gure 17  compares 
the re turns among these three management op tions . I t  was as s umed in 
these compar is ons that an irrigator has two adj acent quar ters that will 
be managed under the op timal s cheme f or a g iven opt ion . At the p r ice 
leve ls cons idered , when the price of corn i s  low any management op t ion 
where alfa lfa i s  grown gives higher re turns than the op t ion where only 
corn is grown . The management op tion where only alfalfa is grown g ives 
the highes t  ret urn . When the pr ice of corn is app roximat ely $ 9 8 / 1000 kg 
( $ 2 . 5 0 /bu) the re turn from a management opt ion where j us t  corn is grown 
only exceeds the re turn from the op tion where j us t  alfalfa is grown when 
the price of alf alfa is low ,  or approximately $ 44 / 1000 kg ( $ 4 0 / ton) . 
As the pr ice o f  alfalf a increases the return from the comb ination o f  
a quarter of alf alfa and a quarter of corn als o exceeds the re turn of 
the management op tion where only corn is grown . When the price of  corn 
is high , or in t he neighb orhood of $118/1000 kg ( $ 3 . 00 /bu) , the re turn 
from the management op t ion where only corn is grown exceeds the return 
from any of the other op t ions excep t the op t ion where only alfalf
a �s 
grown and the p r i ce of alfalfa is $ 66 / 1000 kg ( $ 6 6 / t on) or 
more . In 
general the managemen t op t i on where only alfalfa is gr
own g ives the 
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Figure 17 . Compar is on of the Maximum Re turns from the Opt ions Where Alf alfa , Corn or "' °' 
a Combinat ion of Alfalfa and Corn Is Grown . 
I 
highes t return excep t when the price of corn approaches $ 11 8 / 1000 kg 
($3 . 00 /bu) . 
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SUMMARY AND CONCLU S IONS 
S ome South Dako t a  irrigators have been using the ir center p ivot 
irrigat ion machines to irr igate more than one f ield dur ing the g rowing 
season . At the p resent t ime , however , there is very limi ted inf ormation 
regard ing the economics -of  such a procedure when p r ac t i ced in the Sou th 
Dakot a  climati c  region and when p ract iced under shallow , dr ough t sus­
cep t ib l e  soil  conditions . In order to provide such inf ormat ion a $ tudy 
was undertaken to ob tain a prodtic tion funct ion from which y ield esti­
mates f o r .  spe c i f i c  irr igation management s chemes coul d  b e  mad e and used 
in econ omic analyses of the s chemes . 
The s chemes c ons idered in the experiment involved three main op­
t ions . The op t ions cons isted of growing corn , alfalfa , or  a comb ination 
o f  corn and a l f al f a . For the corn and alfalfa op tions , the irrigation 
management s cheme s c ons idered were the use of one center p ivot machine 
on one f ield and the use of one center p ivot machine on two adj acent 
f ields . Two s cheme s were invest igated for the management op tion where 
one cen ter pivot machine was used to irrigate a corn f ield and an alfa l­
f a  f ield . In one s cheme the center p ivot machine was moved per iodically 
between the two f ie ld s  for the entire season . The second s cheme was one 
where the cen ter p ivo t machine was used to irrigate the alfalfa f ield 
early in the s e ason and then the corn field f or the r e s t  o f  the season . 
The irr iga t ed management s chemes were also compared t o  dryland manage-
ment . s chemes . 
The s cheme s  were s imulated by means of a p lot study at t
he Agr i-
cult ura l  Eng ine ering Farm near Brookings , S outh Dako t a .  The
 12 . 2  m by 
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12 . 2  m (40  f t  by 40 f t )  p lots  were independent ly irr igated to s imu late 
the irrigation dep ths and f requencies that a field wou ld rece ive f rom a 
center p ivo t machine used in connect ion wi th any o f  the given s chemes . 
The soil  in the p lo t  area ranged from a loam to a s ilty clay loam with a 
depth o f  app r ox imate ly 46 cm ( 18 in) . The drought suscep t ib le s o il had 
availab le mo isture s t orage of approximat ely 6 . 1  cm ( 2 . 4  in) . S oi l  
mois ture was moni tored t o  help explain some o f  the e f fects  that the 
individual s chemes had on yields . Yields gathered f r om the p lo t s  in 
19 7 3 , 19 7 4  and 19 7 5  were used to derive product ion fun ct ions from whi ch 
y ie ld e s t imates  f or the individual s chemes were mad e . The . yield es t i­
mates wer e  used t o  estimate gross returns for the management s chemes . 
Once the f ie ld data had been gathered , e conomic analyse s  which con­
si s ted of e s t ima t ing annual cos ts and annual returns f o r  each management 
s cheme were conducted . The annual cos ts  estimate s  wer e  b ased on current 
equipment and electrical cos t s , current crop produc t i on cos t s  and es t i­
mated f actors , such as seasonal irr igat ion dep th , as s o c iated wi th the 
ind ividual s cheme s . The gross re turns were based on the f ie ld p lo t  
yield s  and o n  s everal levels of commodity p rices . The retu rn s  to land 
and management , which consis ted of gross annual returns minus annual 
cos t s , p r ovided e conomic comparisons of the s chemes c on s idered in the 
s tudy . 
The f ol lowing conclus ions  were made from the f ie ld inve s t igation .  
The c onclus ions were based on s imulated irr igat ion µianagement s chemes
 
under shallow , d rought suscep t ib le soil condit ions . 
1 .  Corn and alfalfa yield s  from the dryland manag
ement s chemes 
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were lower than the yields of any of the i r rigated management 
s cheme s . 
2 .  Corn y ie lds were s ignif icant ly reduced when one center p ivot 
machine was used to irrigate two f ields of corn . 
3 .  There wer e  n o  dif feren ces in corn yields cau s ed b y  irr igat ion 
t iming e f fects  as soc iated wi th the movement of  a center p ivo t 
machine be tween two f ield s . 
4. There were no s ignif icant differences be tween alf a l f a  y ield s  
from the management s chemes where one center p ivot machine 
was used t o  irr igate one f ie ld and where one center  p ivot 
mach ine was used to irrigate two f ie ld s . 
5 .  Alf a lf a yields were h igher than d ry land yields but  lower 
than the yields from the f ields that wer e  i r r igated the 
ent ire s eason f o r  the management s cheme whe r e  an a lf alf a 
f ield is  i rr igated until ear ly July at  which t ime the system 
i s  moved t o  a corn f ie ld .  The corn y ie ld s  associated with 
this s cheme were about the s ame as the yield s  from a f ie ld 
where one center pivot machine i s  used t o  irrigate one f ield 
f or the ent ire s eas on .  
The following conc lu s ions were made from the e conomic analyses . 
The conclu s i ons are b ased on f ield plot y ield s  and on the p r i ce levels 
presented in the text . 
1 .  One cente r  p ivot machine used t o  irr igat e one c orn f ield was 
the corn man agement s cheme which gave the highe s t re turn to 
land and managemen t for the commod ity pr ice levels cons idered . 
2 .  One c enter p ivo t machine used to irriga t e  two alf a lf a  f ields 
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was t he alfalfa management scheme which gave the h ighe s t  ret urn 
to land and management for the commod i ty p r i ce levels cons idered . 
3 .  The d if ferences in re turn t o  land and management be tween the 
two management s chemes where both corn and alfalfa we re grown 
wer e  s li ght  and var ied somewhat depending on the c ommodi ty 
pri ces . 
4 .  Of the thre e  b asic management op tions cons ide red , alfalf a , 
-
corn and a comb inat ion of alfalfa and corn , the one that gave 
the h ighes t return t o  land and management varied d ep ending 
on c ommod ity p rices . 
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APPENDIX A 
PRICE INFORMAT ION 
8 7  
PRICE INFORMAT ION * 
E le c tr ical 
Tab le Al . Ele c t r ica l  Rate S chedules . 
Rate/  
Source Year ly s t and by kw-hr 
A $ 12 . 7 0 /meas ured kw $0 . 0190 
( $ 9 . 5 0 /meas ured hp ) 
B $ 10 . 7 0 /measured kw $0 . 0 19 2 °  
( $ 8 . 0 0 /meas ured hp ) 
c $ 11 . 7 0 / connected kw $0 . 0160°  
( $ 8 . 7 5 / connected hp)  
D $ 13 . 40 /measured kw $0 . 0150+ 




Ext ra charge Cab le from 
f or electri c hook- up poin t  
ce.nter pivot  to  center pivot 
$ 2 5 0  $ 3 . 2 8 /m 
( $ 1 .  00 / f t )  
$ 3 . 2 8 /m 
( $ 1 .  0 0 / f  t )  
$ 3 . 2 8 /m 
( $ 1 .  00/f  t )  
0 The f i r s t  1 3 4 kw-hr /kw ( 100 kw-hr /hp ) us ed are included in the year ly 
s t and by charge . 
+The f i rst  2 6 8  kw-hr /meas ured kw (2 00 kw-hr /measured hp ) have a rate 
of $0 . 05 /kw-hr . From 268 kw-hr /measured kw ( 2 00 kw-hr /meas ured hp) 
to 6 70 kw-hr /measured kw ( 5 00 kw-hr /meas ured hp)  there is  a rate of 
$0 . 035 /kw-hr . Af ter 6 70 kw-hr /measured kw ( 500 kw-hr /measured hp ) 
the rate i s  $ 0 . 015 /kw-hr . 
*Approximat e p r ice inf orma t ion was ga there d f rom t he f ol lowing 
rural elec t r i c  coope rat ives : Cam-Wa ll E lect ric , Selb y , S outh Dako ta ; 
Turner-Hut chins on , Mar ion , South Dako ta ; H and D E lec t r i c , C lear Lake , 
South Dakot a  and S i oux Va lley Empire Elec tric , Co lman , South Dako ta . 
Approximate pr i ces we re ob tained from the f ollowing i rrigat ion equipmen t  
supp liers : Ge t t ing Indus tr ies , S i oux Falls , Sou th Dako t a ; James Baiin 
Bui lders , Aberdeen , S outh Dakota and Morris Irrigat ion , F t . Pierre , South 
Dakota . The da ta was gathered through te lephone convers a t i ons
 dur ing 
Apri l ,  19 7 6 .  Informa tion was also ob tained from Da rrel P ahl
 o f  the 
Sou th Dako ta S tate Un ivers ity Extens ion Service . 
We l l  and Cas ing 
Es t imated to tal cos t  for well and cas ing: 
$ 16 4/m ( $ 5 0 / f t )  S ources E and G 
Pump ,  Motor and Pane l 
The pumping rates  and the pres sures s imulat ed in the experimen t 
require mo tors in the 5 6  kw ( 75 hp) to 74 . 6  kw ( 100 hp ) range: 
Tab le A2 . E s t imated Pump , Motor and Pane l Cos ts . 





S ource Pump Mo t or 
E $ 4 000 $ 2 750 
F 
H $ 1 750 
Center P ivot Ma chine 
Pane l 
$ 950  
$ 1000 
$ 990 
Pump Motor Pane l up 
$4000 $ 3050 $ 950 
$1000 
$ 5 00 $ 2 350  $ 990  $ 5 00 
Prices are e s t imated total pri ces for a typ ical towab le 10 tower 
elec t r i c  machine , comp lete  wi th erect ion and f reight included : 
$ 35 , 300 Source E 
$ 3 1 , 000 Sour ce F 
$ 32 , 300 Source H 
Mainline 
App roxima te pr ice of 3 . 15 cm ( 8  in) PVC mainline ins t al led : 
$ 9 . 5 1/m ( $ 2 . 9 0 / f t )  S our ce E 
$ 7 . 55 /m ( $ 2 . 30/ f t )  S ource F 
$ 8 . 2 0 /m ( $ 2 . 5 0 / f t ) S our ce H 
90 
Approxima te pr ice to come out o f  or go in to the ground with the 
mainline : 
$ 300 S ource E 
$ 3 7 5  S ource F 
$ 20 0  Source H 
Pivot Pad 
Approximat e added cos t for an extra p ivo t p ad: 
$ 300 S our ce E 
$550 S our c� F 
$ 2 50 S ource H 
9 1  
APPENDIX B 
SOIL MOI STURE DEPLET IO.N CU RVE S 
SYMBOLS USED IN 
APPENDIX B 
Ca lcula ted mo isture con tent 
O - Measured mois ture content 
- Irrigat ion 
- Rainf all 
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INDIV I DUAL PLOT Y I ELDS 
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Tab le CL Individual Corn P lot  Yields . 
Yield* 
Plot 12000 kg/ha (bu/acre)  
Treatment numb e r  19 7 3  19 7 4  19 7 5  
lC 2 0 (0)  0 (O) 0 . 82 ( 13 )  
4 0 . 90 ( 14) 0 . 43 ( 6 )  0 . 50 ( 8) 
16  0 . 9 7 ( 15 )  0 ( 0 )  2 . 70 (43)  
18 0 (0)  · O (O) 1 . 6 4 ( 2 6 )  
2C 7 8 . 78 ( 140) 7 . 15 ( 114)  8 . 5 3 (136)  
9 7 . 66 ( 12 2 )  5 . 9 6 ( 9 5 )  9 . 79 ( 156)  
10  9 . 60 ( 15 3 )  7 . 47 ( 1 19 ) 9 . 41 ( 150)  
20 9 . 60 ( 15 3 )  7 . 84 ( 12 5 )  7 . 9 1 ( 12 6 )  
sea 12 7 . 5 3 ( 120)  7 . 34 ( 11 7 )  5 . 2 7 ( 84 )  
13 8 . 35 ( 1 33)  7 .  72  ( 1 2 3 )  6 . 9 0 ( 1 10 )  
17  7 . 9 1 (126)  6 . 5 9  ( 10 5 )  4 . 33 ( 6 9 )  
2 4  9 . 16 ( 146)  7 .  91  ( 12 6 ) 4 . 46 ( 7 1) 
5C2 3 8 . 2 2 ( 131)  6 . 4 6 ( 10 3 )  6 . 15 ( 9 8 )  
6 · 8 . 9 1 (142)  6 . 6 5 ( 10 6 )  5 . 40 ( 86)  
15  8 . 60 ( 1 3 7 )  7 .  7 2  ( 12 3 )  7 . 40 ( 118)  
23 5 . 4 6 ( 8 7 )  6 . 34 ( 101)  6 . 4 6 ( 10 3 )  
6 C  1 7 . 28 ( 116)  5 . 0 8 ( 81 )  5 . 5 2 ( 88) 
5 9 . 2 2 ( 147 ) 6 . 84 ( 10 9 )  6 . 46 ( 103)  
19 6 . 02 ( 9 6 )  5 . 5 2 ( 88 )  5 . 02 ( 80)  
22  7 . 2 2 ( 115 ) 6 . 34 ( 101)  7 . 2 2 ( 115) 
BC 8 10 . 4 0 ( 16 5 )  7 . 40 ( 118)  9 . 6 6 ( 15 4)  
11  10 . 7 0 ( 1 7 1) 7 . 5 9 ( 121)  7 . 9 7 ( 12 7 )  
14 9 . 4 8 ( 15 1 )  6 . 9 0 ( 110 ) 7 . 40 ( 1 18)  
21  9 � 16 ( 146)  7 . 9 1 ( 12 6 )  7 . 15 ( 114) 
*Yields are expres sed in terms o f  grain at 15 percent mo isture . 
-
Tab le C2 . Ind ividual Alf alfa Plot Yields . 
Y ield* 19 7 3  
Plot 1000 kg/ha ( tons /acre) 
Treatment number Cu tt ing 1 Cut t ing 2 Cut t ing 3 Total  
3 A  29 4.  35 ( 1 .  94) 0 . 60 (0 . 2 7 )  0 (0) 4 . 9 5 ( 2 .  21)  
36  3 .  7 6 ( 1 .  6B) 1.  26 ( 0 .  56) 0 (0) 5 . 02 ( 2 .  24)  
40 4 . 10 ( 1 .  8)) 0 . 52 (0.  2 3 )  0 (0) 4 . 62 ( 2 . 06 )  
44 4 . 2 1 ( l . B8) o .  45 (0 .  20) 0 (0) 4 . 66 ( 2 . 08) 
4A 28 4 . 19 ( 1 .  87 )  4 .  32 ( 1 .  93) 3 .  27  ( 1 .  46) 1 1 . 80 ( 5 .  26)  
34  4 .  44  (1 .  98) 3.  32 ( 1 . 48 ) 2 .  26 ( 1 . 01)  10 . 00 ( 4 .  4 7 )  
35 4 . 12 ( 1 .  84 ) 3. 29 ( 1 .  4 7)  2 .  46 ( 1 . 10) 9 . BB ( 4 .  4 1 )  
48 4 . 01 ( 1 .  79)  2.  82 ( 1 .  26) 2. 44 ( 1 . 09)  9 .  2B  (4 . 14 ) 
6A 3 3  4 . 15 ( 1 .  B5) 2 . 89 ( 1 .  29) 2 . 06 (0. 9 2 )  9 . 10 ( 4 . 06) 
38 4 . 06 ( 1 .  B l )  3 .  76 ( 1 .  6B) 2 . 13 (0 . 9 5) 9 . 9 5 ( 4 .  44)  
4 1  4 .  37 ( 1 .  9 5 )  2 .  7 8  ( l .  2 4 )  2 .  53  ( 1 . 1 3) 9 . 6B ( 4 .  32 ) 
46 4. 26 ( 1 .  90) 3. 34 ( 1 .  49) 2 . 96 ( 1 .  32) 10. 60 (4. 7 1 ) 
7Al 31 4 . 0 3 ( 1 .  BO) 2. 76 ( 1 .  23)  2 .  24 (1.  00) 9 . 03 ( 4 .  03)  
32 3 .  81 (1. 70) 2 .  73 (1.  22) 2 .  26 (1. 01)  8 .  81 (3.  9 3) 
43 4 .  73 ( 2 . 1 1 )  3 . 18 ( 1 .  42)  1 .  70 (0.  76) 9 . 6 2  ( 4 .  2 9 )  
4 5  4 . 06 ( l .  81) 3.  34 (1.  49) 2.  31  ( 1 . 0 3 )  9 .  70 (4. 33) 
7A2 27 4 . 10 ( l .  B3) 2. 76 ( 1 .  23)  3 . 2 3  ( 1 .  44) 10 . 10 ( 4 .  50 ) 
30 3 .  99 ( 1 .  7B)  2 .  94 ( 1 .  31)  2.  42 ( 1 . 08) 9 . 35 (4 . 1 7 )  
3 9  3 .  99 ( 1 . 78) 2.  33 (1 . 04) 1. 88 (0. 84) R .  20 (J. 66) 
47  4 .  39  ( 1 . 96 )  2 .  8 7  ( 1 .  2 8 )  1 . 03 (0 . 46) ll . 29 ( 3 .  70) 
BA 25 4 . 1 7 ( 1 .  86) 2 . 64 ( 1 . 18) 0 (0) 6 . 81 ( 3 . 04 ) 
26 4 . 19 ( 1 . 87 ) 3. 47  (1 .  5 5 )  0 (0) 7 . 66 ( 3 .  4 2 )  
37  4 . 08 ( 1 .  82 ) 2 . 44 ( 1 .  09 ) 0 (0) 6. 52 (2 .  9 1 )  
42 4 . 66 ( 2 .  08) 3. 54 ( 1 .  58) 0 (0) 8 . 20 ( 3 . 66 )  
*Yields are expressed in terms of d ry mat ter.  
Y ield* 1974 
1000 kg/ha �tons/acre� 
Cutting 1 Cutt ing 2 Cut t ing 3 
4 . 84 ( 2 . 16) 0 (O) 1 . 1 2 (0. 50)  
3 . 6B ( 1 . 64 ) 1. 5 5  (0 . 69 ) o .  49 (0 . 2 2 )  
4 . 66 ( 2 . 0B) 0 (0) 0 . 09 ( 0 . 04)  
4 . 9 1  ( 2 . 19 )  0 (0) o .  34 (0 . 15 ) 
5 . 09 ( 2 .  2 7 )  6 . 50 ( 2 . 90)  2 . 96 ( 1 .  32)  
4 . 80 ( 2 . 14) 3.  8 1  ( 1 .  70) 3 . 09 ( 1 .  38) 
4 .  46 ( 1 .  99)  4 . 32 ( 1 . 9 3 )  3 . 6 1  ( 1 . 6 1 )  
4 . 58 ( 2 . 04)  3 . 05 ( 1 .  36) 2. 67 ( 1 . 19 )  
5 .  2 2  (2 . 3 3 )  4 . 1 5 ( 1 .  85) 3.  29 ( 1 .  47 ) 
5 . 1 3 ( 2 .  29) 4 .  48 ( 2 . 00) 2 .  51 ( 1 . 12)  
4 .  5 7 ( 2 . 04 )  4 . 1 7  ( 1 .  B6) 2. 56 ( l . 14)  
5 . 96 ( 2 .  66) 4 .  44 ( 1 .  98)  2 . 49 ( 1 . 1 1 )  
5 . 18 · ( 2 . 31)  3 .  32 ( 1 . 48) 1 .  70 ( 0 .  76)  
4 .  4 1 ( 1 .  9 7 )  ) . 90 ( 1 .  74)  1 . 28 . (0 . 5 7 )  
4 . 84 ( 2 . 16) 4 . 10 ( 1 .  83)  2.  76 (1.  2 3) 
6 .  30 ( 2 .  Bl)  4 . 42 ( 1 . 9 7) 2 .  5 1  ( 1 . 12)  
5 . 6 7  ( 2 .  5 3 )  4 . 24 ( l . B9 )  2 . 64 ( l .  lB) 
4 . 26 ( 1 .  90) 4. 30 ( 1 .  9 2 )  2 .  42 ( 1 . 08) 
4 . 82 ( 2 . 15 )  3 . 43 ( 1 . 53)  2 .  62 { 1 . 1 7) 
5 . 56 ( 2 .  48) 2 . 94 (1.  31)  2 .  51  ( 1 . 12) 
5 . 60 ( 2 .  50) 3 . 00 ( 1 .  34) 0 .  52 (0 . 2 3)  
4 .  57 (2 . 04) 3 . 16 ( 1 .  41) 1 .  55 (0 . 69 )  
4 .  7 7  ( 2 . 13) 2 .  78 ( 1 . 24 )  0 . 85 (0.  38) 
4. 5 3 ( 2 .  02) 2 . 98 ( 1 . 3 3) 0 . 90 (0. 40) 
Total Cut t ing 1 
5 . 96 ( 2 . 66 )  4 .  75 (2 . 12 )  
5 .  7 1  ( 2 . 5 5 )  5 . 60 ( 2 .  50) 
4. 75  (2  . 12) 4 . 9 3  ( 2 . 20)  
5 . 24 ( 2 . 34) 5 . 45 (2 . 43 )  
14 . 50 ( 6 .  49)  5 .  78  (2.  58) 
11 . 70 ( 5 .  22 ) 4 . 86 ( 2  . 17 )  
1 2 .  40 (5 .  5 3) 5 . 00 ( 2 . 23) 
10 . 30 ( 4 . 59 )  5 . 16 ( 2 .  30) 
12. 70  ( 5 .  65)  5 . 4 5 ( 2 .  4 3 )  
12 . 10 ( 5 .  4 1 )  6 . 4 5  ( 2 .  88) 
11 . 30 ( 5 . 04)  5 . 96 ( 2 .  26) 
1 2 . 90 (5 .  75) 6 . 01 ( 2 . 68) 
10 . 20 ( 4 .  5 5 )  7 . 10 ( 3 . 1 7 )  
9 .  59 ( 4 . 2 8) 6 . 66 (2 . 97 )  
11 . 7 0  ( 5 .  2 2 )  5 . 83 ( 2 . 60) 
1 3 . 20 (5 . 90) 7.  2 4  ( 3 .  2 3 )  
12 . 60 ( 5 .  60) 5 . 56 (2 . 48) 
1 1 . 00 ( 4 . 90) 7 . 04 { 3. 14) 
10 . 90 ( 4 .  85) 6 . 03 ( 2 . 69) 
1 1 . 00 (4 . 91) 6 . 30 ( 2 .  81) 
9 . 12 ( 4 . 07)  5 . 69 (2 . 54) 
9 . 28 ( 4 . 14) 5 .  7 8  ( 2 . 58) 
8 . 40 ( 3 .  75 )  5 . 62 (2 .  51) 
8 . 40 ( 3 .  75)  5 .  67 (2.  53) 
Yie.ld* 19 75 
1000 kg/ha �tons7acre.} 
Cut ting 2 Cut t ing 3 
0 . 20 (0 . 09 )  1 . 9 7 (0. 88) 
0 . 63 (0 . 28 )  1 . 90 (O . B5 )  
0 . 4 5 (0 . 20)  1. 2 3 ( 0 .  5 5 )  
o .  47 ( 0 . 2 1)  1 . 97 ( 0 . 88) 
2 . 82 (1.  26) 3 .  79 ( 1 . 69 )  
3 . 02 (i .  35) 2 . 9 1 ( 1 .  30) 
3 . 20 (1 . 4 3 )  3.  2 3  ( 1 . 4 4 )  
2 . 69 ( 1 .  20) 3 . 86 (1 .  72)  
1 . 01 (O .  45)  3 . 02 ( 1 . 35) 
2. 69 ( 1 .  20) 3 . 02 ( 1 .  35) 
2. 56 ( 1 . 14 )  3 . 6B ( 1 .  6 4 )  
3 . 09 { l .  3B) 2 . 98 ( 1 .  33)  
3 . 52 { 1 . 57)  3 . 05 ( 1 .  36) 
2 . 87 ( 1 .  28) 2 .  7 8  ( 1 . 2 4) 
2 . 58 ( 1 . 15) 3 . 12 ( 1 . 39 )  
3 .  7 0  ( 1 .  65 )  3 . 25 (1 . 45) 
2 . 11 ( 0 . 94 )  4 . 42 ( 1 .  9 7 )  
3 . 02 (1 .  35) 2 . 98 ( 1 .  3 3 )  
1 . 9 3  ( 0 . 86)  3 . 54 ( 1 .  58) 
2 . 26 ( 0 . 98) 3 . 56 ( 1 .  59)  
1 . 68 ( 0 .  75)  2 . 22 (0. 99) 
1. 79 (0 . 80) 2 . 29 (1 .  02) 
1 . 9 7  ( 0 . 88) 2 . 33 ( 1 .  04) 
2 . 42 ( 1 . 08 )  3 .  34 ( 1. 49) 
Total 
6 . 92 ( 3 . 09 )  
8 . 14 ( 3 . 6 3) 
6 . 61 ( 2 .  9 5 )  
7 . 89 ( 3 .  5 2 )  
12. 40 ( 5 .  5 3 )  
10. 80 ( 4 .  8 2 )  
1 1 .  4 0  (5 . 10) 
11. 70 ( 5 . 2 2) 
9 . 4 8 ( 4 .  2 3 )  
12.  20 (5 . 4 3) 
1 1 . 30 (5 . 04 ) 
1 2 . 10 ( 5 .  39) 
13. 70 { 6 . 10) 
12 . 30 ( 5 . 49 )  
11. 50 ( 5 . 14 )  
14 . 20 ( 6 .  33) 
12. 10 ( 5 .  39) 
1 3 . 00 {5 . 82)  
1 1 . 50 ( 5 . 13 )  
12 . 00 ( 5 .  38) 
9 . 59 ( 4 . 28) 
9 . 86 ( 4 . 40) 
9. 93 ( 4 . 4 3 )  






DAT E S  AND AMOUNTS OF IRRIGAT ION AND RAINFALL 
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Tab le D l . Dat es and Amounts o f  I rr igat ion and Rainfall . 
W.'< 19 7 3  JUNE l973 
l r ri[iat i o:1 I r riga t i on 
Rain- Rain-
Date fall 2C 4A 5Cl 5C2 fu\ 6C 7Al 7A2 8A SC Date fall 2C 4A SCI 5C2 6A 6C 7Al 7A2 8A 8C 
1 1 . 17 
2 0 . 30 
3 0 . 89 
4 4 






11 11  1 . 04 
12 12 
13 13 2 . 0 3  2 . 03 2 .  03 
14 14 
15 2. 54 2 . S4 2 . 54 2 . 54 2 .  54 15 
16 2 . 54 2 . S4 2 . 54 2. 54 2.  54 � 16 2 . 80 2 . so 2 . 80 
1 7  1 7  
1 8  1 8  1 . 1 7  
1 9  19 
20 20 
21 21 2 . 54 2 . 54 2 . 54 2. 54 2 . S4 2 . 54 
22 22 2 . 54 
2 3  23  
24 o .  7 1  24 
2 5  0 . 46 25 2 . 54 2 . 54 2 . 54 2 . 54 
26 26 
2 7  1 . 0 2  2 7  
28 o .  51 28 2 .  54 2.  54 2 . S4 2 . 54 
29 29 2 . 54 2 . 54 
30 30 
31 
Total 4 . 17 2 . S4 2 . 54 2 . S4 2 .  54 2 . S4 2 . 54 2 .  54 2. 54 2. 54 2 . 54 Total 3. 46 7 . 11 10. 42 4 .  57  7 .  62  5 . 08 2 . 03 5 .  34 5 . 08 10 . 42 
JULY 1973  AUGUST 19 7 3  
lrriE,a t i on Irrigation 
Rain- Raio-
Date fall 2C 4A 5Cl SC2 6A 6C 7Al 7A2 8A 8C Date fall 2C 4A 5Cl 5C2 6A 6C 7Al 7A2 8A SC 
1 1 
2 2 3. 38 2 . 54 2 . 54 3. 38 
3 2 . 90 3 0. 4S 
4 2 . 54 2 . 54 2 . 54 2 .  54 2 . 54 4 2 . 54 2 . 54 
5 2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 5 . 3 . 38 3 . 38 3. 38 
6 6 
7 7 0 . 71 
8 8 0 . 38 2. 54 2. 54 2 . 54 2 . 54 
9 2 . 08 2 .  54 2 . 54 2 . 54 2 . 5 4  2 .  54 9 
10 10 
11 11 2 . 54 2 . 54 2 . 54 
12 2 . 54 2 . 54 2 . 54 2 . 54 12 
13 2 . 54 13 2 . 54 2 .  54 2 . 54 
14 14 
15 15 0 . 30 2 . 54 2 . 54 
16 16 2. 54 
17 1 7  2 . 54 2 . S4 2 . 54 
18 2 . 54 2 . 54 2 . 54 2 . 54 18 2 . S4 
19 19 
20 2 . 54 2 . 54 3 . 38 2 . 54 2 . 54 2 . 54 2 . 54 20 2. 54 2 . 54 2 . S4 
21 21 
22 0 . 2 3  22 2 . 54 2 . 54 2 . 54 
2 3  0 . 68 2 . 54 2 . 54 2. 54 2 . 54 2 . 54 2 3  2 . 54 2 . 54 
2 4  0 . 2 3  24 
25 25 2 . S4 
26 26 
2 7  2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 2 7  2 . 54 2 . 54 2. 54 2 . 54 2 . 54 
28 28 
29 29 
30 2 . 54 2 . 54 2 . 54 2. 54 2 . 54 30 2 . 54 2 . 54 
31 31 
Total 6 . 12 12 . 70 15 . 24 1 3 . 54 10. 16 10. 16 1 2 .  70 12 . 10
· 
10 . 16 2 . 54 1 7 .  78 Total l . 87 1 3 . 54 15 . 24 13. 54 1 1 . 0  1 2 .  70 1 1 . 00 10. 16 10. 16 o . oo 1 3 . 54 
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Tab le Dl . Dates and Amount s  o f  Irr igat ion and Rainfall ( cont inued) . 
SEPTEMBER 197 3 MAY 1974 
I r r isa t ion ���----=- I r r igaC"iOO-����-
Rain- Rain-
Date fall 2C 4A 5Cl 5C2 6A 6C 7Al 7A2 8A 8C Date f a l l  2 C  4 A  5 C l  5 C 2  6 A  6 C  7Al 7A2 8A SC 
l 1 
2 2 
3 1 . 42 3 




8 8 o. 3 3  
9 9 
10 2 . 54 2. 54 2 . 54 2 . 54 2 . 54 2 . 5 4 2 . 54 2. 54 10 
ll l l  2 . 16 
12 2 . 5 4  1 2  
13 13 1 .  35 
14 2 . 54 2 . 54 2 . 54 14 
15 l . 0 7  1 5  
16 16 o. 74 
17 0 . 46 17 
18 18 1 . 40 
19 19 
20 0 . 20 20 
2 1  2 1  2 . 13 
22 22 
2 3  2 3  
24 24 
25 0 . 5 1 25 
26 2 . 08 26 
27 0 . 66 2 7  0 . 3 3  
28 28 0 . 2 3  
2 9  0 . 30 29 
30 30 1 . 29 
31 0 . 84 
Total 6. 70 2. 54 2 . 54 2 . 54 7 . 62 2 . 5 4 7 . 62 2 . 54 2 . 54 2. 54 5 . 08 Total 10 . 80 o . oo 0 . 00 o . oo o . oo o . oo 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 
JUNE 1974 JULY 1974 
Irrigat ion Irrigat ion 
Rain- Rain-
Date fall 2C 4A 5Cl 5C2 6A 6C 7Al 7A2 8A SC Da te fall 2C 4A 5Cl 5C2 6A 6C 7Al 7A2 8A 8C 
l l 2 . 54 
2 2 
3 3 o. 79 2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 
4 4 
5 5 
6 0 . 43 6 
7 0 . 2 5  7 
8 8 2 . 54 2 . 54 2 . 54 2. 54 2 . 54 2 . 5 4 
9 2 . 46 9 o .  79 
10 0 . 15 10 2 . 54 2 . 54 2 . 54 
1 1  1 1  
12 12 2 . 54 2 . 5 4 2 . 54 2 . 54 
1 3  1 3  
1 4  14 1 .  30 
15 15 2 . 54 2 . 54 2 .  54 2 . 54 
16 16 
1 7  1 7  2 .  54 2 . 54 
18 5 . 08 5 . 08 5 . 08 5 . 08 5 . 08 18 0 . 56 
19 19 0 . 4 1  2 . 54 2 . 54 2 . 54 2 . 54 
20 20 0 . 69 
2 1 0 . 30 2 1  
22 2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 22 2 . 54 2 . 54 2 . 54 
2 3 2 3  
24 24 2 . 54 2 . 54 2 . 54 
25 25 
26 2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 26 2 . 54 2 . 54 2 . 54 2 . 54 
2 7 2 7  
2 8  2 . 5 4 5-.08 2 . 54 2 . 54 2 . 54 2 . 54 5 . 08 5 . 08 5 . 08 2 .  54 28 
2 9  29 2 . 54 2 .  5 4  2 . 54 2 . 54 2 . 54 
30 30 
2 . 54 2 . 54 
Total 3.59 5 .08 12. 70 S.08 5. 08 10. 16 5. 08 1 2 .  70 12 . 70 12 . 70 5 . 08 Total 4 . 54 15 . 24 12 . 70 10 . 16 1 2 .  70 12 .  70 12 . 70 10. 16 15 . 24 o . oo  1) . 24 
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Tab le D l .  Dates an d Amounts  o f  I rrigat i on and Rainfall  ( cont inued) .  
AUGUST 1974 
Ir rigat ion 
Rain-
Date fall 2C 4A 5Cl 5C2 6A 6C 
1 
2 0 . 46 2 . 54 2. 54 2 . 5 4  
3 
4 
5 2 . 54 2 . 54 
6 
7 2. 54 2 . 54 2 . 54 
8 3 . Bl 





14 2 .  54 2 . 54 2 . 54 2 . 54 
15 
16 0 . 6B 
1 7  
1 8  
1 9  2 . 54 2 . 54 2 . 54 2 .  54 
20 
2 1  0 . 25 2 . 54 2 .  54 
22 
2 3  
2 4  
25 
2 6  2 . 54 2 . 5 4  2 . 54 
2 7  
2 B  2 .  5 4  2 . 54 2 . 54 
29 
30 2 . 54 2. 54 
3 1  
Total 7 .  59 12 . 70 12 . 70 10 . 16 10 . 16 10. 16 10. 16 
Ra in­
Date f a l l  2C 
l 
2 








11 0 . 66 
12 
13 
14 o. 25 
1 5  
1 6  
1 7  
1 8  
19 
2 0  
2 1  
22 











I r r iga tion 
5Cl 5C2 6A 6C 
7Al 7A2 BA BC 
2 . 54 
2 . 54 2 . 54 
2 . 54 
2 . 54 2 . 54 
2 . 54 2 .  54 
2. 54 
2 . 54 
2 .  54 
2 .  54 2. 54 
12 . 70 7. 62 0 . 00 12 � 70 
7Al 7A2 BA BC 
Tota.! 2 . 9 7 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 
Rain-
Date f a l l  2C 
l 













1 5  
16 
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
30 
Total 0 . 00 5 . 08 
Rain­
Date fall 2C 
1 
2 
3 0 . 18 





9 3 . 5 3  
10 
11 0 . 15 
12 0 . 6 1  
1 3  
1 4  
1 5  l .  35 
16 0 . 94 
1 7  
lB 
19 0 . 96 
20 1 . 60 
2 1  0 . 36 










2 . 54 
2 . 54 
4A 
1 . 2 7  
3. 18 
SEPTEMBER 1974 
Ir�a t l o_n 
5C l 5C2 6A 
2 .  54 2 . 54 
2 . 54 
2 . 54 
2 .  5 4  5 . 0B 2 . 5 4 
JUNE 1975 
Irrigation 
5Cl 5C2 6A 
1 . 2 7  
3 .  l B  
6C 
2 . 54 
2 . 54 
5 . 08 
6C 
7Al 7A2 BA 
2 .  54 
0 . 00 2 .  54 o . oo 
7Al 7A2 BA 
1 . 2 7 1 . 2 7 1 . 2 7  
3 . 18 3 . lB 3. lB 
BC 
2 . 54 
2 .  54 
BC 
Total 10 . 44 0 . 00 4 . 45 0 . 00 0 . 00 4 . 4 5 0 . 00 4. 45 4 . 45 4 . 45 0 . 00  
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Tab le D l .  Dates and Amount s o f  Irrigat ion and Rainfall ( cont inued) . 
JULY 19 75 
I r r igat ion 
R.ain-
Date f a l l  2 C  4A 5Cl 5C2 6A 6C 7Al 7A2 BA SC 
l 
2 
3 2 . 54 2 . 54 2 . 54 2. 54 2 . 54 
4 
5 
6 0 . 25 












19 2 . 54 2 . 54 2 . 54 2 .  54 2 . 54 2 . 54 
20 
21 
22 0 . 15 
23 1 . 68 
24 0 . 18 
25 2 . 54 2 . 54 2 . 5 4  2 .  5 4  2 .  5 4  2 . 5 4 
26 
2 7  
2 8  
2 9  
30 
31 
Total 2 . 2 6  n. 10 15 . 2 4  7 . 62 7 . 6 2 7 . 62 7. 62 10 . 16 10. 16 7. 62 12 . 70 
SEPTEMBER 19 7 5  
Rain­
Date fal l 2C 4A 
I r r i  a t i on 






















2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
30 
0 . 9 6 
5 . 36 
1 . 90 
0 . 20 
1. 3 7  
0 . 25 
6C 
2 . 54 
7Al 7A2 SA 
2 . 54 
BC 
2 . 54 
Total 10 . 00 2 . 54 2 . 5 4 2 . 54 2 . 5 4 0 . 00 2 . 54 o . oo  2 . 54 0 . 00 2 . 54 
AUGUST 1975 
----·--- - - I r r iga t ion ---- -
Rain-
Date fal l 2C 4A 5Cl 5C2 6A 6C 7Al 7A2 BA BC 
1 5 . 2 1  2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 2 . 54 
2 0 . 20 
3 




8 2 . 54 2 . 54 2 .  54 2 . 54 2 . 54 2 . 54 2 . 54 2 . 5 4 2 . 54 
9 2 . 54 2 .  54 2 . 54 2 . 54 2 . 54 2 . 54 
10 
11 0 . 35 
12 1 . 14 
lJ 2 . 54 2 . 54 2 . 54 
14 
15 2. 54 2 . 54 2 . 54 2 . 5 4 2 . 54 2 54 
16 
17 
18 0 . 30 
19 3. 71 
20 2 . 54 2 . 54 2 . 54 
21 o. 3 3  
22 0 . 64 
23 
24 
25 2 .  54 2 . 54 
26 
2 7  
28 1 . 47 
29 
30 0 . 18 
31 
To tal 13 . 50 10 . 16 12 . 70 10 . 16 10 . 16 1 2 . 70 1 0 . 16 12 . 70 10 . 16 0 . 00 12 . 70 
APPENDIX E 
COMPARISON OF ANNUAL FIXED COSTS 
USING STEGMAN ' S  ( 19 7 5 )  DATA 
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Tab le El . :  Comparison of Annual Fixed Cos ts for Multip le Field Use of a Center Pivot Us ing S tegman ' s 




1 cente r p ivot 
on 1 f ie ld 
Corn 
1 cen ter p ivot 
on 2 f ie lds 
Corn 
1 cent er p ivot 
· on 3 f ie ld s  
A l f a l f a  
1 cen ter p ivot 
on 1 f ie ld 
Al f a l f a 
1 center p ivot 
. on 2 f ie.lds 
A l f a l f a  
1 cen t e r  p ivot 
on 3 f ie lds  
Di f f erence in cos ts 
Seasonal i r r i- Es t ima ted elec- Annual f ixed Add i t ional f rom 1 center pivot 
gat ion depth+ Number tr ica l costs·, $ cos t s  lab or cos t s  Total cos t s 0  o n  1 f ie ld 
cm of + $ /ha $ /ha $ /ha $ /ha $ /ha 
lill>��---�11!"-V_es _ _  Tot a l  ($ /acre)  ($ /acre)  ($ /acre)_� -�(_$ /acre) ($ /acre) 
2 3  
( 9 )  
53  
( 2 1 )  
8 4  
( 3 3) 
30 
( 1 2 )  
6 6  
( 26)  
99 







1520 28 . 90 
( 1 1 .  7 0) 
2 7 20 25 . 90 
( 10 . 50)  
409 0  25 . 90 
(10 . 50) 
1 7 70 33 . 60 
( 1 3 . 60) 
3150 2 9 . 90 
( 12 . 10) 
4630 29 . 40 
( 11 .  90)  
16 3 . 10 
( 6 6 )  
1 1 3 . 70 
(46)  
9 6 . 40 
( 3 9 )  
163 . 10 
(66)  
113 .  70 
( 4 6 )  
9 6 . 40 
( 39 )  
0 
2 . 20 
( O .  9 �) 
2 . 00 
(0 . 80) 
0 
2 . 50 
( 1 .  00) 
2 . 00 
(0 . 80) 
19 2 . 00 
( 7 7 .  70)  . 
1 4 1 . 80 
( 5 7 . 40)  
124 . 30 
( 5 0 . 30) 
19 6 . 70 
( 79 . 60) 
14 6 . 10 
(59 . 10) 
12 7 . 80 
(SL 7 0) 
0 
(0)  
50 . 20 
( 20 . 30) 
6 7 . 70 
( 2 7 . 40 )  
0 
( O) 
50 . 60 
( 20 . 50) 
6 8 . 90 
{2 7 . 90) 
*The procedure and t he p rice assump t ions a r e  · the s ame a s  pr e s ented i n  the text . 
+na ta from S tegman ' s  ( 19 75 ) work . 
0 T o t a l  cos ts are e le c trical cos t s  p lus annual f ixed cos t s  plus addit ional labor cos ts . Note that the cos ts do not 
inc lude p roduct ion cos t s . .....,, � 
w 
